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PREFACE 



t of the present work is to furniBh an expla 

I the physical Universe and the Atom on simplG mechanical 

ciplcs. In connection with other work, the writer devoted 

years to a study of the wave theory of light and its 

Ltinn to a solution of the great prohlems of tJie structure 

c eOipr of Bpace, the kinetic creation of matter, the birth, 

? and death of suns and worlds, and the forces operating to 

lainlain the cycles of the Universe. As this Btudy progressed 

1 well-trodden paths into new fields, the results reached led 

to vai-h astounding conclusions, that he could not do otherwise 

than press the investigationa to the developments herein 

pi«seQt«l. 

In order to make the presentation oonTincing and intelli- 
gible, as well to the lay reader aa to the advanced scientist. 
it has been dccmf d necessary to explain the main features of 
ware action, and particularly light wave motion, in connec- 
tion with the physical phenomena which furnish the evidenco 
apoD which the wave theory of light rests. The treatment 
is from the mechanical side rather than from the side of 
matheniatieal equations, and certain principles are brought 
out, A knowWIge of which, so far as the writer is advised, 
baa not heretofore been developed. 

The exposition of light wave motion is confined to the 
fundajiiental principles which are utilized in the subaequent 
portiotui of the work dealmg with the physical structure of 
the ether of space, the kinetic creation of ether particles and 
of material atxinia, the cause and operation of gravitation, 
tbe mechanical explanation of electricity, and other subjects 
treaUil. 
Tflwre it baa been found necessary to resort to mathe- 
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CX)NTENTS 



— ^The measure, in centimeters, of the side of the standard 
equilateral triangle of the ether structure.-tWhy Ught 
waves of all wave lengths travel vnth the sam^^locityX— 
QiTinimum and maximum radii of the Hydrogen atbmV^llie 
creation of the Electron. — Its atomic weight. — Negative and 
Positive electricity explained. — ^The cause of Gravitation 
explained. — ^The Nebula Hypothesis modified. — Symmetrical 
atoms in three dimensions. — ^The hot form of the Hydrogen 
atom. — ^The Periodic Law of atomic weights.— ^lie atomic 
weights of all the elements are close multiples of the first 
flseven prime radii of the hexigons of the ether structure.^ 
Comparison Table.; — ^Why the ether opposes no obstruction to 
{he passage of the Earth through it. — ^How the energy radiated 
by ^e Sun is supplied. — Matter is being created all the time. 
— The qyclea in stellar creations. 
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■ PART I 

FIRST PRINCIPLES 

To acquire a knowledge of ihe tools to be vsed and the] 
malerialt lo be operated upon, is tke first step in the «uo-J 
ceasful building of any structure, 

CHAPTER I 

ENERAL VIEWS OF THE LUMINIFEEOUS ETHEB 1 

1. In order to explain the traDsmission of light from tbe 
laa and stars to the earth, Sir Isaac Newton supposed that 

Vtte rays of liglit consisted of substance discharged from the 
js centre, as a projectile discharged from a gun. 

V'This emission theory did not require that there should be any 
'diam in the intervening space, for the purpose of such 
Iransmission of light. But when it came to an explanation 
of the attraction exerted by one body of matter on another 
throngb intervening space, he found it necessary to assume 
the existence of a subtle fluid or medium filling all space to 
which the name of Ether waa applied. The undulatory 
theory of light subsequently advanced by Huyghens, and de- 
veloped by Young, Euler, Fresnel, and others, which explains 
thv transmission of Hgbt from the sun and stars, through 
spACt, by waves passing through Ether, has so satisfactorily 
scooimted for many optical phenomena, not otherwise ex- 
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plained, that the existence of Die substance Ether is generally 
accepted by scientists. Notwitbstatidiug the weight of seieu- 
tifie authority, which accepts the existence of the ether 
medium, there are those, who do question its existence. For 
recent literature on that subject reference may be made to the 
fnllowiug articles appearing in recent numbers of Tke Popu- 
lar Scieiu-e Monthly: 

' ' The Past and Present Status of Ether, ' ' Professor Arthur 
Gordon Webster, August, 1910; "Recent Developments in 
Physical Science," Professor Arthur L. Foley, November, 
liJlO; "Attempts to Explain Gravitation," Wilson C. MorriH, 
September, 1911. 

Professor Webster concludes his article with the statement, 
that, "The ether is as good to-day as it ever was." 

Sir William ThomBon (Lord Kelvin), in his popular lec- 
ture on tile wave theory of light (1884), said: 

"One thing we are sure of, and that is the reality and sub- 
stantiality of luminiferous ether." 

The writer being of the number of those who believe that 
the underlying facts of science are best explained by the 
ether theory, and that the existence of the ether is a neces- 
sary' conception, will, for the purpose of this thesis, after 
presenting certain evidence in its favor, consider that its 
existence is accepted as an established fact. 

2. The next question which presents itself is, as to the 
nature of the substance we have designated by the name 
ether, and whether, as it exists through space, it has either an 
inherent or acquired structure or constitution. 

Since the time of the discovery of the law of gravitation l^ 
Sir Isaac Newton, it has been generally accepted that the 
thing we designate by the name "matter," is endowed mth 
a property which makes every particle of matter attract,,Bt 
a distance, every other particle of matter. 

All the inferences which can reasonably be drawn from 
the known behavior of Uie ether in space, such as is exhibited 



:, VIEWS ON THE LUMINIPEROUS ETHER 

when the plsnets move through it in their orbits around the 
ran, lead to the conclusion, that the ether as such, is not en- 
dowed with the property of attraction, for matter or foVa 
otber elber. 

The absence of the property of attraction famiahea thet 
ton a line of sharp demarkation, belween the thing we 
designated "ether" and the thing we have designated " 

3. Toraing our attention to the properties which ether andiB 
latter have in common, we recognize from certain well known-B 
ibenommfl, that each is capable of motion, each may impart 
3 bo aimilar substance, or to t!ie other, and each has the 
roperty of inertia, or of continuous motion in a straight 
until 8orae extraneous cause intervenes. Each may 
8 a vehicle by whicfi what we call energy, is conveyed 
a one place to another. It is because of the possession o£ 
B above propertiea by matter, that we speak of it as a ' 'sub- 
ince," 

Ether, therefore, is entitled, equally with matter, to be 
s»ignat>'d as a "substance." 

Thure is fundamentally no eesential difference between t 
ijin)pertie9 of matter and of ether, except that matter is ea 
I'duwed with the additional property of attraction, 

Wc know that by changing the amount or kind of molecular 
lotion, which may be going on in any particular kind of 
utter, it may be made to acqoire new properties. For in- 
M, by heat we may change a solid into a liquid, and t 
btt«f ii)to a gas. Since these new properties are due to t 
Lin the cliaracter of the motions taking place in the 
f Ihe matter, the inference to be drawn, strongly sug- 
t matter itself is nothing more than ether in a differ- 
1 of motion or vibration, from that which it is under- 
ling in tile depths of space. 

Before we can advance to a discussion of the processes at 
work in nature, which may convert ether into matter, it is 
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neceaaary that we should come to a fair knowledge of the con- 
stitution of ether as it pxista in space. 

Is the constitution of the ether as it exists in apace that of 
a gas, a liquid or a solid ? or is there a fourth state in which 
substance can have an organized constitution? If bo, what 
is that structural constitution, and what are the causes of its 
existence T 

4. From the phenomena of polarized light and other evi- 
dence, it has been long demonstrated that the vibrations which 
take place in a light wave, are transverse to the direction of 
the wave. 

When a ray of ordinary light — R — (Fig. 1) is made to 




Figure 1 

pass through the tourmaline plate AB, which is so cut that 
the axis of the crystal is parallel to AB, the transmitted light 
is said to be polarized. It becomes possessed of certain prop- 
erties it did not possess before. For instance, if the ray he 
allowed to pass on to a second tourmaline plate KL, whose 
axis of crystallization is parallel to AB, it will pass through 
it. But if the second plate be rotated around the direction of 
the ray as on an axis, until KL takes the position K'L' at 
right angles to AB, then the ray will not pass through it, and 
is said to be a polarized ray. 

This phenomenon, first discovered by Huyghens, is ex- 
plained upon the theory that the vibrations of light are trans- 
verge to the direction of the ray, and after polarization are 
confined to vibrations in a single plane. It is then dedg- 
nated plane polarized light. 
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On (be Elastic Theory of light wave motion, vre may in a 

ide way. iUnstrate the motion taking place in its simplest 
both before and after passing through the tourmaline 
as follows: 

Tie one end of a short elastic string or cord to a small 
elaxtic fwll or button. Tie the other end of the cord to the 
end of a short rod, holding the free end of the rod ia the 
right hand so that the button may swing freely at the end of 
the cord. Hold the band with the rod extended horizontally, 
in front of the body, while in a position of walking forward. 
Give the hand a slight rotary motion, so that the button will 
d««cribc a circle around the end of the rod, and in a plane at 
right angles to the direction in which you advance as you 
tr&lk forward. 

It will be seen that the path of the bntton will he a spiral j 
carre, illustrated by AB (Fig. 2). 

If now when the centre of motion represented by the end 
of tlie rod to which the elastic cord is attached, has been ad- 




Figure 2 

Dceil from A to B, we suppose two walls to be suddenly" 

■ought very near to each other, closing up the path through 

ich the spiral motion of the button would have been eon- 

Iniled, Kxeept in the narrow space between them, any further 

( in spiral motion will be stopped. And as the ad- 

[ng point of the rod is carried forward between the walls, 

from B to C the elastic button will vibrate up and down b 
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tween the walls, tJleo^eti(^al1}' at least, at right angles to 
the direction in which the advance movement is pn^ress- 
ing, 

After passing between the walla, the spiral motion is seen 
to have been converted into wave motion in a single plane or 
in parallel planes, and is of the same contour as is exhibited 
by the profile of a water wave, 

5. To make this crude illustration applicable to the motion 
of an. ether wave, we must mentally replace our elastic button 
by a conception of an etber "particle," the movements of 
which we can follow with our mental eye. This ether parti- 
cle need not be conceived of as anything solid, it may not be 
anything more real than an eddy or centre of gyration in the 
ether, swept onward as the wave motion advances, the changes 
in the position of which may be theoretically followed, as the 
eye may follow the change of position of an eddy or "whirl" 
floating don's a running stream of water. Likewise in lieu 
of the elastic cord which holds the button to its circular 
orbit (or spiral path by reason of the advance of the centre 
of motion), we must conceive that the surrounding ether 
medium acts like an elastic cushion, which reacts againat the 
centrifugal force of the ether particles, after the fashion in 
which the cushions of a billiard table throw back the ivory 
balls which may be hurled offainst them. 

And to make our crude Ulustration of the walls applicable 
to the effect ou the light ray after passage through the tour- 
maline plate, we must suppose that after our clastic particle 
has passed on through tlie space between the walls of the 
tourmaline plate, Uie vibrations up and down at right angles 
to the direction of the advance, will be continued in one 
plane. In other words, after the ordinary light wave has 
been polarised by passing through a tourmaline plate, it con- 
tinues its progress as a polarized ray. 

6. Presnel assumed that the vibratiotis take place in the 
plane ACDB (Fig. I) contaiaing the ray and the paraUel 



QEtfEBAL TTEWS ON THE LUMINIPCBOUS ETHER 



AB to the axis of the crystal as shown by the small doublfej 
hesd«d arrows in the figure. 

The plaiii! FEilQ, drawn through the direction of the ray^j 
and at right angles to the axis of the crystal, is called t 
plane of polarization. 

The ray is said to be polarized in the plane FEIIG. 
MacCuUugh assumed that tha vibrations take place in orl 
parallel to the plane of polarization FEHG. That is to say ' 
at ti^t angles to the direction in which Fresnel supposed the 
ribratioDn take place. 

The ODe tlieory has been held to best explain certain phe- i 
notnena of reflection, the other to best explain certain phe- 
Domena of refraction. The question has been in dispute 1 
mg physicists and mathematicians for over fifty years. ' 
i Kclviti claimed that he had reconciled Presuel's theory 
tfae requirements of the phenomena of both reflection and 
I (Sen. 39). It is not my purpose to enter on that 
1 here. 
B a well known phenomenon, that two water waves can 
de to interfere, and thus disappear, by timing them so i 
as to make the crest of ooe coincide with the trough of tha I 
other. 8o two sound waves can be made to interfere so as to | 
■^■pdttce silence. 
^^^By dividing a ray of light into two rays reflected from thai 
^^^bacea of two mirrors inclined to each other at s veryl 
^TRire anscle, and bringing the reflected rays together again on 
a •cntn. Fresnel in his celebrated experiment succeeded in 
^ jEtardiug one of the rays a half wave length behind the other, 
■that where Uie ereirt of one fell with the trough of the 
r on the screen they produced darkness. This phenotne- 
i is known as interference. Interference does not take 
* anleas the angle lietweeii the two rays at their point 
intersection is very small. If the angle is large the rays 
Illy pass through each other without any apparent optical 
Kt at the point of interaection. 
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When tte experiment was performed with two rays of 
plane polarized light, it waa found that two rays polarized in 
planes at right angles do not produce interference. But two 
rays polarized in the same plane do interfere like two ordi- 
nary raya of light. The fact that two raye of light polarized 
in planes at right angles do not interfere 13 a further proof 
that the direction of vibration in the case of light is trana- 
verse to the direction of propagation of the ray. 

It was later discovered by Iklalus, that light could be polar- 
ized by reflection. 

If, therefore, light may be propagated through the body of 
the ether of space by vibrations taking place in a single sub- 
stantial plane and by vibrations transverse to the direction 
of the ray, what must be the constitution of the ether of space 
in order tliat such waves could be transmitted through it! 

7. It has been established both mathematically and experi- 
mentally that waves with transverse vibrations cannot be 
propagated through either the body of a gas or the body of a 
liquid. Matter in form of a solid or jelly, is the only consti- 
tution which gives the elastic structure ueeessaiy to carry on 
that kind of motion. 

The only parallel we have In the phenomena of matter, is 
the transmission of such waves through solids, and in that 
case it ia accorapHshi-d by the clastic rigidity of the Bolid- 
Is the ether then a solid ? 

Considering the phenomena heretofore described. Sir Wil- 
liam Thomson (Lord Kelvin) in his lecture on "The Wave 
Theory of Light" (1884) said: "The luminiCerous ether is 
an elastic solid, for which the nearest analogy I can give you, 
is thia jelly which you see." 

The solid or rigid view of the ether constitution has been ac- 
cepted by many scientists. 

On the other hand, Fitzgerald said; 

"I cannot conclude without protesting strongly against 
Sir William Thomson's speaking of the etlier as like a jelly. 



GS3IERA1> VIEWS ON THE LUMINIFEROUS ETUEB 



■if' 

^M "I 



elssti 



It is in some respects analogona to one, but we certainly know | 
great deal too little about it to say that it is like one." 
Alfred Sang in the article on "The Underlying Facts oE 

ince," to which allnsion has already been made, says: 
"Some of the most eminent physicists have adopted the 
Ttew that the universal medium most be solid. . . . We are i 
asked to cooocive our planet — not to mention our humbla \ 
aeWes — moving at the rate of eighteen miles per second 
through it, and, what is still more incredible, that this takes 
place without practically any friction. . . . The theory of a 
solid, or to speak more accurately, a rigid ether does not, oa 
we aboil see later, appear to be a necessity, and it preaentsu 
the great weakness of compelling us to rack our coi 
aense to try and explain the passage of bodies through it^ I 
from the lightest comet to the most massive star." 
He concludes : 

"Perfect elasticity by no means implies a solid or semi- 
solid state; an atomic structure presents elasticity of volume, 
bat equilibrium in a homogeneous, non-continuous medium, 
regardless of the spaces which may exist between the cora- 
pODPQt incompressible corpuscles, will supply rigidity and 
elasticity of shape. Pressure in space does not imply elaa- 
ily. If elasticity, is a rotational effect, and pressure one of 
ibardment, they are not necessarily interdependent. 
'The faet that there may be pressure in space brings on* 1 
to the consideration of a gaseous ether, but cannot pres- 
exist in a corjiuscular medium, and may not the pressure 
be a manifestation of the immeasurable energies which eon* 
tinoally pulsate tlirough spaceT" 

In the above there is a vague su^estioQ of a corpuscular^ 
Itructare of some sort for the ether, and that the innumerable 
of energy passing through the ether of space, may be a 
;or Id fixing the properties of the ether structure. 
Sir WilUaro Ramsey, in an article (July, 1911), said: 
It it almost universally held that all phenomena ar« 
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'mechanical'; that is, they are the result of matter in motion, 
and can be pictured to the mind in a concrete form; that 
some kind of 'machine' can be imagined which, if it existed, 
would reproduce the phenomena in question." 

And speaking of the ether, he said : 

"Here we have a question still agitating the minds of men 
of science. It has not yet been found possible to think out a 
Btnicture and mode of motion of ether which will explain, or 
make it possible to realize as a kind of machine, all the phe- 
nomena in which ether appears to play a part," 

8. In order that the ether of space may perform the func- 
tions it does perform, in transmitting wave motion in straight 
lines through space in any direction. J. Clerk ^laxwell in his 
article on Ether (9lh Ed. Encyc. Brit.), thus described ita 
necessary qualities : 

"We know that ether transmits transverse vibrations to 
very great distances without sensible loss of enei^ by diasi- 
pstiou. A molecular medium, moving imder such conditions 
that a group of molecules once near together remain near 
each other during the whole motion, may be capable of trans- 
mitting vibrations without much dissipation of energy, but 
if the motion be such that the group of molecules are not 
merely slightly altered in configuration, but entirely broken 
up, so that their component molecules pass into new types of 
grouping, then in the passage from one typ^ of grouping to 
another, the energy of regular vibrations will be frittered 
away into that of the irregular agitation which we call heat. 

"We cannot, therefore, suppose the constitution of the 
ether to be like that of a gas in which the molecules are always 
in a state of irregular agitation, for such a medium a trans- 
verse undulation is reduced to less than one five hundredth 
of its amplitude in a migle vr&vs length. If the ether is 
molecular, the grouping of the molecules must remain of the 
same type, the conliguralion of the groups being only slightly 
altered during the motion." 
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And coming to his suggestion that the constitution of efbi 
"Ik nude ap of elastic centres or vortices in close proximity, he 

' ' If there is any motion of rotation, it must be a rotation of 

very small portions of tlie medium eacli about its own a:sis, 

BO that the medium must be broken up into a number of 

jDoIecular vortices. We have as yet no data from which to 

I'dctemune the size or the uumber of these molecular vortices. 

PTe know, however, that tie magnetic force in the region in 

eigbborhood of a magnet is maintained as long as the 

I Uwl retains its magnetization, and as we have no reason to 

believe that a steel magnet would lose all ils magnetization 

f l»)r lh« raere lapse of time, we conclude that the moleiiular 

rortices do not require a continual expenditure of work in 

xjcr to maintain their motion, and that therefore this motii 

9 not necessarily involve dissipation of energy. 
"No Iheorj' of the constitution of the ether has yet been 
invented which will account for such a system of molecular 
licefi being maintained for an indefinite time without their 
nergy being gradually dissipated into that irregular agita- 
a of the medium, which, in ordinary media, is called heat. 
Tiatn-er difficulties we may have in forming a consistent 
1 of the constitution of the ether, there can be no doubt 
tat the interplanetary and interstellar spaces are not 
mpty, hut are occupied by a material substance or body 
1 is Certainly the largest and probably the most imiform 
T of which we have any knowledge." 
. In the above, we have Maxwell's suggestion that the 
a which permanently exist in a magnet, and immediately 
Lnding it, are maintained by vortex motion of the ether 
nting on the steel by reason of its peciiliar structure ; the 
■ necestiary for maintenance being continually drawn 
roin the ether of space. And we liave the suggestion that 
te vortex centres necessary to give the ether a molecular 
itnKttire, are maintained in the same way. His idea seems 
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to have been that each individual vortex centre must exist 
permanently. And he was nnable to suggest the nature of 
the forces operating to maintain them in the homogeneous 
distribution in which they must exist in the ether to answer 
the requirements. 

The writer hopes to be able, by a considerable modification 
and expansion of Maxwell's theory, to present a rational 
hypothesis of the structure of the ether, the causes of that 
structure, and the source of the forces which maintain it. 



CHAPTER TI 
THE ULTIMATE SUBSTANCE 



riO, In oor preceding diBcussions, we have dealt with the 
JBibttanoe of which the ether is compoeed, as something capa- 
e of receiving motioa, and of imparting motion, and as pos- 
' ttaaed of the property of inertia. We have dealt with it 
■imply under the laws which appear to regulate its behavioi 
u obBcrved in the motions taking place in the ether of space. J 
These obserrations lead to the conclusion that the ether itself I 
has a structural constitution due to organized forms of motioDj 
of Bffine ultimate substance. 
Prom certain astronomitjal facts hereinafter to be conaid- 
li'tfed (Sec. 106), we are led to the conclusion that there never 
F'Vas a time, when any, even the smallest part of this ultimate 
•ubstaaee which fills all space, was not in motion relative to 
Bonie other adjacent parts of substance. 

Nevertheless, since two different parts of this substance are 
frequently, for a time at least, moving in the same direction 
and with the same speed, when compared with another part, 
w« can say that the two moving with the same speed are in a 
■tate of rest with respect to each other. 

More motion and less motion existing successively in th»J 
ttme volnnie of substance, seems to imply the exiateoee of a 
ideal state in which substance could be without any motion atl 
tXL But this idea may be deceptive, since all our ideas of j 
the motion of anything are drawn from a change of distanoS'l 
-relatioD of that one tiling to some other particular thing. 
I 31. Sinee, under the fundamental conception of physics 
r does not i!xist apart from substance iu motion, and i 
inco is in motion, it would not be difficult to con- 
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ceive of energy as the one sole thing in the universe, dis- 
tributed through space in various degrees of activity or 
motion, the more aetive parts being capable of affecting the 
leas active parts ; and to conceive of what we have called sub- 
stance as merely space filled with energy in a higher or lower 
state of activity. Such a conception would make "sub- 
stance," as we understand it, airaply an attribute of energy 
or state of energy. It would, however, possess no superiority 
in the way of explaining phenomena over the generally ac- 
cepted theory of the duality of suhstanee and motion, unless 
it be a superiority to negative the possible existence of an 
ideal substance in which there is uo motion, and there are 
serious objections to it. 

The universality of the law of "cause and effect" would 
seem to demand an ultimate duality. 

There are certain fundamental laws of motion, such as 
that action and reaction are always equal and in opposite 
directions, the necessity for which is readily seen when we 
attribute to the ultimate substance the property of incom- 
pressibilily. 

Notwithstanding that "relativity" seems to be inherent in 
our ideas of motion, yet when we accept as the fundamental 
duality in nature, "subBtance" and "motion" or "sub- 
stance" and "energy," we at once admit that there must 
exist at least ideally, if not in fact, a state in which sub- 
stance would exist, if it were free from all motion. 

The surface waters of the ocean are probably never in an 
absolute state of rest, they are vibrating in response to the 
action of the winds and the tides, yet we find no dilficulty in 
conceiving that the substance of the water has an identity 
entirely distinct from the motion act up in it by wind and 
tide, or from the energy expressed thereby. 

For the purposes of the following illustration we may as- 
sume that water is an incompressible subslance. If we com- 
pletely fill a cjliiidrical vessel with water, we cannot tberfr 
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Bflcr add to the contents more water without allowing for 
ibp fscnpe of an equal quantity from (hat already there. 
W'e may, however, by suitable appliance set up a rotation of 
ifcc wtil^r within the cylinder, and any number of subsidiary 
rotations, thereby increasing the amount of energy within 
Hie cylinder to any desired extent. From which we draw 
Uie couclusion that ineompreasibility is a quality attaching to 
tabstance indepeudently of energy, and that compressibility 
is a property of energy, that is to say of substance in motion. 
Indeed, compressibility is closely related to elasticity, and the 
^^|Cter, as we shall later see, is ultimately due to circular i 
^^^Hons of substance in the ether structure. 
^^iFbe latest conclusion of the modern scientists is, that thel 
^^MM of niiy given body of substance is dependent upon the * 
quantity of energy expressed by the sum of its internal move- 
ments and of its velocity in space. It is the conclusiob which 
the writer reaches also from the analysis which will be subse- 
quently made of the structure of the thing which we have so 
Iat designated vaguely as an ether "particle," "eddy," 



t that conclusion be correct, mass is one form in which 

(T is manifested. In other words it is a composite prop- 

f of substance and motion. 

Tit hw beeu frequently said that inertia is one of the prop- 

■ peeuJiarly diftereutiating matter from other substance. 

|r» do not agree with that statcmenl, if we use the term 

latter" in the sense to which we limit it in this treatise. 

K> movements taking place in a light-wave traveling through 

subject to the laws of inertia, and the light wave 

rticle ia not matter within the meaning of the term as here 

As we shall later point out, the law of inertia is a 

Mt consequence of the action of continuous flows of energy 

fing through the ether structure, and by passing in and 

It of a particle, aatomatically maintaining rotation therein 

"whai particle rotation is once set up. 
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12. Motion in Incompressible Substance. — Among the 
nmtfaomaticians it is generally conceded th&t the ultimate 
substance of which the ether is composed is incompressible. 
By incompressible we mean, that when a given volume of 
space is occupied by substance it so completely fills it, that 
DO other substance can be put into that space at the same 
time. If new substance is moving into such volume of spaee, 
the substance formerly occupying it must at the same time 
be moving out. Since the entire spaee of the universe is con- 
ceived to be completely filled with substance, it follows that 
the movement of a given volume of substance into a new 
space, must be accompanied by a simultaneous movement of 
substance formerly occupying that apace, into some other 
space, and by a chain of exchanges, the space out of which 
the movement first took place, must have been filled by sub- 
stance moving into it. 

The quality of incompressibility at once excludes elasticity 
as a property of ultimate substance, and makes it an attribute 
of energy or mode of motion, as was suggested by Lord 
Kelvin. 

In our investigations into the possible motions which majr 
take place in such ultimate substance in its ideal state, we 
can start out with the following tentative premises: h 

That it is structureless. ^M 

That the ideal substance is incompressible. ^H 

That it is motionless, but capable of taking on motion. 

That it is non^elastic. 

That it is capable of indefinite 8ubdi\'ision, and that tbe 
subdivided parts can be moved over each other without fric- 
tion. 

There are certain principles which we can carry into this 
Dew field, by which to test our tentative assumptions, which 
are, M far as human observation goes, of universal applica- 
tion to all substance. 

These will give us certain controlling additional pre 
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applieable to motion of such substance, which will force uh J 
pmentty to abandon some of the above premises except as a 

These principles are: 

The law of inertia, known as Newton's first law of motion: 

"Every boJy continm-s in its state of rest, or of uniform 
motion in a straight line, except in so far as it is compelled 
by force to change that state." 

That Bubstauce in motion is capable of imparting that I 
motion lo other substance by impact, and in so doing parts J 
with energy. 

That in sncfa impact, no energy is ever lost. That the thie 
called kinetic energy represented by ^M V where M is t 
mass and V the velocity, of the moving body, is indestructible,! 
and is simply passed on in whole or in part, to the body to 1 
which motion is imparted. 

The above conditions, at once put a limitation on the nature 
of the motions which can take place in the ideal incomprea- 
nble substance. 

13, We will first observe, that the law of inertia requires 
that if a block of substance be set in motion in a given direc- ] 
tion, its motion would be continued in a straight line, and 
nnoe the ideal substance is structureless, it would have no 
means of distributing obliquely or at right angles to the line 
of presBitre, motion applied to it in one direction. In this it 
woold differ from liquids (See. 19) and from gases (Sec. 17). 
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FigTlre 3 

Tf we imagine a block of this ideal substance AB (Pig. 3) 
Bormunded on all sides by similar substance extending to 
infinity and in an absolute state of rest, then if it could he 

fptiti, any pressure of the block AB, in the direction ctfl 
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AP, could only be transmitted to the subetADce BP in boat 
of it, and Btace, uuder tlie supposition, BP contains an in&nite 
block of motionleaa structureless substance, the block AB 
could not move into the space BP at all. We see therefore 
that in order that AB can move into BP, there must in some 
way be a lateral removal out of BP of substance BC equal 
to AB, into the space DB, and that this must be accomplished 
by some force with a component operating at right angles to 
BC, which component cannot be derived from a simple pres- 
sure or movement in the direction AB. 

Moreover since all space is completely filled, the substance 
formerly occupying ED must move into EP, and the sab- 
stance formerly occupying EF must move into tlie space for- 
merly occupied by AB. The route might be somewhat more 
circuitous, but the principle illustrated would be the same. 

In olher words any motion in such a substance would hava 
to be in the nature of a rotation, by which, substance removed 
from the front is carried to the rear. 

Principle of Action and Reaction. — Moreover, we see tliat 
the same amount of energy is required to remove DE into EP 
as is required to move AB into BC, and the same amount of 
energy is required to remove EF into AB as was required 
to remove BC into DE. In other words, we see, so far as 
motion in ultimate subslauce is concerned, why it is, that 
action and reaction must be equal and in opposite directions. 
The principle rests basically upon the inoompressibility of 
ultimate substance. 

li. In the illustration given, we assumed that the transfer 
of substance from front to rear of the moving block of sull' 
stance, takes plaee in one plane. Motion in one plane or 
lamina, is all that is required, but of course it might take 
place in more than one plane. 

The movement in one plane could best be illustrated by a 
revolving wheel of substance, moving as if it were a solid, but 
possessing no cohesion of particles. 
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rig. 4) be the centre of aach a revolving wheel of 
possessing uo internal elasticity, and Eurroundcd 
structureless, motionless substance, to an infinite 
1 all sides. Let TR be the periphery of the re- 
ibstance. Then any 
moving in the per- 
the point T, is mov- 
t tangent NP and in 
Etion TP, But be- 
1 an infinite line 
loving sutistance in 
•tion TP, the sub- 
that direction cannot 
motion. Now under 
of inertia, the sub- 
T, must continue to 
be stra^ht line TP, unless S' 
I alter the direction of that motion. Under the sup- 
bat the substance snr rounding the wheel is inelastic, 
ibere are no forces operating through it, there 
DO force operating on the moving substance at T, at 
a to the tangent, to turn the course of the substance 
nf the tangent, and keep it moving in the periphery ; 
it cannot continue its motion in tlie tangent against 
i resietance, the energy would be annihilated, and 
ition of the wheel would cease. Now we know that 
■ b ever destroyed. Consefiuently if the revolution 
I is to be continued, it requires the operation of 
Rmith the surrounding substance, acting at right 
the tangent at each and every point of the periphery. 
ID case of a circular wheel, requires that the dircc- 
1 tfaese forces must pass through the centre. 
I therefore, that no such revolution of substance 
e pkce, unless tlie substance of the wheel were 
' orgauuEcd, or unless the surrounding substance, 
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through Bome elaBtic structure, or otherwise, were transmit- 
ting motion to the periphery in the direction o£ the centre, or 
at least perpendicular to the tangent at every point of the 
periphery. 

In other words, motion in one part of substance implies that 
all surrounding Gubstance should have motion of some sort 
going on in it. Consequently we must conclude, as well on 
mechanical principles, as from the astronomical conaidera- 
tiona, to which reference has been made, that each and every 
part of the substance of the universe must have, and mnat 
always have had, motion going on in it. We see, therefore, 
that substance without motion in each and every part, can 
exist only as an ideal, and never could have existed as an 
actual fact at any time. Substance and energy are one and 
inseparable, yet each has an individuality of its own. 

15. Let us, however, imagine that the surrounding space 
be motionless and non-elastic, but that there are internal 
motions taking place in the substance of the revolving wheel. 
For instance, we might suppose a revolution to be going on 
in the small interior wheel {Pig. 4), giving simple harmooie 
motion in DT, so that a component of force would always be 
operating at right angles to the tangent, and the energy 
impinging upon the non-elastie wall of the surrounding sub- 
stance at T, would rebound, furnishing the centripetal force, 
which with the tangential force due to tlie revolution of the 
wheel as a whole, would sustain the continuity of the wheel 
motion. This would give a perpetual vortex motion, main- 
tained by the original energy which in imagination we have 
bottled up within the wheel. But the universality of energy 
and its general transfusion would seem to negative the idea 
that there are or ever were any such isolated perpetual motitm 
vortices. 

The possible existence of the hj-pothelical indestnietiUe 
vortex ring atom of Lord Kelvin rests upon certain math*-, 
matical deductions predicated upon what the mathematieiairt" 
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dnignate the "ectuation of continuity," and this latter is 
prctnited upon the medium being elastic though incomprea- 
;lible. The same objection as above stated, exists to that con- 
ition. Besides the developments of tbe last fevf years 
{KUDt to the conclusion tbat the atom ia not indestructible. 

The exiBtence of vortex motion, maintained for an indefinite 
timp, by the eonatant flow of energy through such centres 
from surrounding space, as Maxwell seems to have had in 
mind in tbe case of permanent magnets, is much the moi 
rational theory. The origin and operation of these forces 
will consider later. 

This to the Matbematicians: It is to be observed that the 
writer does not question the equation of continuity of dis- 
turbances traveling automatically through space; but that 
equation rests upon the assumption of a continuous flow of 
Bubslance taking place in and out of the elementary pural- 
letopiped aa it advances through space, without accountiog 

ir tbe cause of the fiow. When that is accounted for as we 
ioafter do accouut for it, we must reach the conclusion 
ilhal a particular rotation can be set up or destroyed in the 
ethiT at any time, because rotation ia inherent in the struc- 
ture of tbe medium ; and this negatives the existence of any 

idtBtmclible vortex atom. 
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CHAPTER III 

THE CONSTITUTION OF MATTER, IN ITS THREE 
STATES. GASES, LIQUIDS, AND SOLIDS 

16. Before we come to a coDaideration of the constitution of 
that mysterious substance which is supposed to fill the depths 
of space, since we are best acquainted with substance in the 
fonn of matter, it will be found advantageous to consider the 
principal structural states in which we know matter ean exist, 
and the relation of those structures to the kind of wave mo- 
tions which it is possible to propagate in matter, as it exists 
in those respective states. 

These structural states are — the gaseons, the liquid, and 
the solid. 

In tliis stage of our discussion, we can only deal with the 
present subject in the most general way, in order to lay the 
foundation for what will come afterward. 

17. Gas Constitution. — In the theor>' of gases generally 
accepted by scientists, it is assumed that each molecule of 
matter of which the gas is composed, is separately elastic. 
If we consider any inclosed space, as for instance a room 
filled with gas, each molecule acta as if it were a small blind 
moth fiying in a straight line, until it comes in coUiaion with 
another. Taken collectively, the molecules are flying pro- 
miscuously in every direction, continually hunipiug iuto each 
other, and being reflected by their elasticity in another di- 
rection. It is the bombardment of the walls of the room by 
these flying molecules, which causes the preasuro of confined 
gas against the walls. 

It is easily shown that under such conditions the mole< 
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vmild distribute tbemselvea through the room, eo aa to gival 

tgsB an average uuirorm density. And for this n 
tant pressure applied in one direction so as to condense 
gas in one portion of a confined body of gas, would bel 
kly distribnted, and act as pressure in all direction^;! 
t]iroDg)iout the body. 

18, When we speak of collision between two moleenles of| 
■.•33 wc mesD that the centres of the molecules have reached * 

i.vi degree of proximity at which further approach, under 
• II- operation of the forces bringing tbem together, is arrested 
J. something equivalent to forces of repulsion brought into 
I'uy between the molecules by such approach. 

The origin of these repulsive forces and the mechanism by 
wiiich they are brought into play, are questions which belong ■ 
to the problems we reserve for final solution. ■ 

As a familiar instance in which two bodies may collide I 
1 be elastically reflected, without coming into eubstantisl ' 
[act, we may cite the ease of two pith balls, both nega- 
fely electrified, or both positively electrified. It is a fa- 
' principle that they repel each other with a force 
»ely proportional to the square of the distance. If 
r are thrown toward each other in a straight line, their 
toronch is arrested elastically when tbey are at a certaia 

i apart, by the electric repulsion called into play, I 
) th«y are turned back in their courses, as if their surfaces* 
1 come into collision. I 

a may fasten one of the pith balls, which we will epeak I 
stho "first ball," to a non-conduetiog table surface, and'l 
e the 8econ<l pith ball on the table a short distance from 
i first ball. The repulsion between the halls will tend to 
I the second ball away. We may apply just enough 
lUre to the second ball, in the direction of the first, to i 
keep the second ball in equilibrium. m 

We may imagine a sphere to be drawn around the firsu 
ben with a radius just equal to the distance from the ceotrdH 
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of tbe first ball to the centre o£ the second ball in the position 
of equilibrium above described. We may now move our 
second ball to any position on the surface of our sphere, and 
so long aa the external pressure is the same as in the first 
position, and is directed toward the centre of the sphere, the 
second ball will be in equilibrium. We could therefore re- 
gard the surface of this sphere as an artiticial surface of the 
first pith ball, under the given external pressure proceeding 
from every direction toward the centre of the sphere. If 
the external pressure be increased, Uie radius of the surface 
of the sphere of equilibrium is shortened. 

The illustration is not intended to indicate that the repuU 
sion set up between gas molecules when in close approach, is 
electrical. It is intended merely to illustrate the variability 
of the thing we call "surface of contact" when used in con- 
nection with bodies in collision. 

19. The Liquid Constitution. — It may be assumed that 
the molecules of matter as they exist in a liquid, in respect 
to their contact with each other, are, or act as if they were, 
little spheres. 

If there were a certain quantity of gas confined in a closed 
vessel, we could, as has been done in the ease of air and other 
gases, compress the sides of the vessel, imtil the volume of 
the receptacle containing the gas would be mucii reduced. 
This would result in shortening the leugth of the average 
path the molecules of gas would have to travel between col- 
lisions. These collisions, therefore, would be more frequent, 
and there would be much greater bombardment on the sidea 
of the vessel. This would be evidenced by greater molecular 
motion of the particles of the material composing those aides, 
and would be interpreted by us aa a rise in the temperature 
of the contents of the vessel communicated to the sides, ^y 
nse of cold applications to the esterior of the sides of the 
vessel, the energy represented by the molecular motion of 
,^ particles compoeing tbe sides, passes out of it, into 
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cold ftpplicatiou, and the reaction or "bounce" of the mole- 1 
cuW of gas within, from the sides of the vessel is greatly ' 
weakened, and very shortly the average velocity of the mole- 
rales of gas in the vessel, or as we say, the temperature of 
the gas, is lowered. 

By combining the process of pressure and of cooling, we 
esn finally bring the little gas atoms so near together that 
.they ' Tan roll around each other. There is do lon^^er collision 
reflection going on, and the gas becomes liquid, in which 

that temperature there is no tendency of the molecules to 
Sy away. 

The essential nature of the liquid state, is therefore the 
abBence of the condition in which the molecules are in 
heterogeneous flight, and the existence of a condition in 
which tlie molecules can roll around freely among them- 
aetvea, without any rigidity to the system of halls. 

The liquid state can be well illustrated by a boi full of 
billiard balls. If we apply pressure downward to one ball, 
the pressure will be distributed through the entire body of 
balla, in every direction, even moving some of them upward. 
This is due to the spherical shape of the balls, and the fact 
that when in close contact, the centres of the balls arrange 
themaelvca in equilateral triangle positions, causing a reso- 
lution of the force of pressure in any one direction, through 
the points in which the surfaces of the balls are in contact. 

20. Au explanrttion of the operation of the forces which 
t^nd to keep these primary molecules of matter in spherical 
atiape, belongs to the final problems we have reserved for 
later (solution. 

It is sufficient to say at this time, that the spherical shape 
is probably due to the revolution of the atoms composing 
tli« molecule, about a centre, whatever other motions may be 
taking place in the molecule itself. 

If, holding one end of a string, the other end of which is 
illcd to a small ball, we cause the ball to revolve around 
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OUT hand as a centre, the faster we cause the ball to revolve, 
the stroDger we feel the pull on the striog, The tendency of 
the ball to fly off radially, away from the centre, or contrifn- 
gat force, is just balanced by the pull on the string toward 
the centre. If, wbile a certain speed of revolution is being 
maintained, we shorten the length of the string, we find that 
the pull on the string is perceptibly increased, and therefore 
the centrifugal force, or tendency to fly off radially, is in- 



We know from the principles of physics that this centrifa- 

gal force is measured by— ^ — , where M ia the mass or weight 

of the ball, V the velocity of the ball in its orbit, and R the 
radius- 

In the ease of our spherical molecule, any material parti- 
cle in the surface revolving around the centre of the mole- 
cule, must be kept in its circular path, either by some inter- 
Dal force continually pulling it toward the centre, or by 
external forces operating on it at every point in its path 
tending to push it toward the centre. In either case if th« 
particle keeps its path in the surface, the centripetal force 
must be just balanced by the centrifugal force created by the 
revolution of the particle around the centre. 

If, therefore, we suppose that some additional ext«rnal 
pnessure be applied to a surface particle, sufficient to shorten 
the radius of revolution, such sliorteuing will be rmstcd 
elaatically by an increase of the centrifuKal force, until tiiat 
increase, caused by continual shortening, becoines siifficieat 
to balance the applied pressure. If the additional applied 
pressure be then removed, the centrifugal force would im- 
mediately move the particle outward to the original length 
of the radius, where the former balance of forces would be 
restored. 

We see, therefore, that such a spherical molecule would 
act elastically. 
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We also see from the mathematical formula above, that 
when by external pressure we have shortened the radius, if 
we coald by suitable appliances decrease the velocity of the 
particlH in its orbit saffieiently, we could restore the balance 
between the centripetal force originally operating, and the 
centrifugal force operating for the shortened radius, so that 
if liie applied pressure be removed, the particle would con- 
tinue in the smaller orbit, and thtre would be no tendency 
of the sphere to regaiu its original size. 

The velocity of the particle represents temperature, and 1 
the decrease of that velocity is accomplished by cooling. 

Wal«r for ordinary purposes is regarded as iucompreseible, 
but even water is capable of being compressed into a smaller I 

|, valDioe under great pressure. When the pr^sure is re- ] 

BMTed it regains its former volume. 

Ksi. The Solid Constitution, — It would be premature to J 

'enter upon a discussion of the solid constitution of matter I 
at this place, but it is advantageous to have some idea of I 
what 18 meant by elastic rigidity, which all solids possess to I 
a greater or less degree. 

Suppose we Soat in a basin of water, three similar small 
corks, tfarou^ the centre of each of which, small magnetic 
rods have been inserted vertically, so that all the negative 
pola are up, and the positive poles are down. Since like 
pole* repel and unlike attract, with intensities inversely pro- 
portional to the square of the distance apart, the corks will 
he repelled and tend to float away from each other. If now 
we suspeud a larger magnet over the centre of the basin, so 
that ita positive pole Lb downward, and a little above the level 
Af iJie negative poles of the small magnets, it will tend to 
attract all the corks toward the centre of the basin. But 
the nearer the corks approach each other, the stronger will 
be the rppulaioti which each will exert upon the other. The 
molt will be that they will float toward the centre of the 
battn aud arrange themselves in the form of an equilateral 
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triangle around the centre, and come to rest in stable equi- 
librium at jufit that distance from the centre, at vbich the 
attraction of the central positive magnet, for each of the 
negative poled magneta projecting above the corks, is bal- 
anced by the resultant repulsion outward exerted by the 
small magnets in the corks, on each other. 

If, after the corks have assumed their position of equilib- 
rium in the triangular position, we give one of them a slight 
blow toward the centre, it will be seen that each of the corks 
will be affected, and tlie triangular formation will be for an 
instant distorted, so that the form will not be an equilateral 
triangle. But they will immediately fly hack to their poei- 
tions of stable equilibrium in equilateral form. We might 
add additional corks and build up a system of triangles. 

It is seen that the balance existing between the forces of 
attraction and repulsion in the illustration taken, gives rise 
to a certain fixed arrangement of the corks, and the form as- 
sumed possesses elastic rigidity. There is elastic resistance 
to the displacement of one of them from its position of equi- 
librium, followed by its restoration to the position from 
wfaich it was displaced, unless the force applied is so great 
as to break up the arrangement. A body composed of parti- 
cles arranged with only such partial stability, would be aald 
to be a quasi-labille medium. 

22. If, in the illustration taken, we could set the equi- 
lateral triangle, as a whole, rotating on the surface of the 
water around its centre, we would develop a centrifugal force 
tending to drive the corks away from the centre, and there- 
fore further apart, and the position of equilibrium would bo 
a larger equilateral triangle, according to the rapidity of the 
rotatioD. In molecular motion, such an increase in rapidity 
of rotation would be called a rise in temperature. 

23. Had we, in the experiment, used four similar corks 
ins^ad of three, the arrangement for stable equilibrium 
would have been in the form of a square. WlUi five c 
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tli0 form might have been a five dded polygon, but thai 

HiM not have been quit£ &o stable as in form of a square 

1 one cork in the centre. We will reserve further com- 

lationM for further discussion. 

I We may regard a molecule of matter, as made up of some 

Kh combination of atoms, in rotation, but not necessarily 

nfiuf^cl to motion in a single plane. 

E»And we may regard a solid body, as made up of an aggre- 

don of such molecules, held together by mutual attraction. 

K&4. The explanation of the forces of attraction and repul- 

loD exinting between atoms or molecules of matter, from the 

^hanical standpoint, will be taken up later. It must not 

be thought, however, that, because in the illustration of the 

coriu we supplied the interacting forces by magnetic at- 

tnrtiun and repulMon, the force.s of attraction and repulsion 

acting between atoms or molecules, to create elastic rigidity, 

^^Ko DtHMSBarily either magnetic or electric. 

^BAt preaent we are concerned only with forming some kind' 

^^Ha mecbanical conception of what must be the constitutioD 

^^^■MHiiilaBtie solid, in order that we may understand the 

^^^HHA^ which wave motion is propagated through such a 

^^^Hpp; We see that a body may possess elastic rigidity, 

^^Hryft a molecule or particle may perform motions of its 

own. within the limits of the restraint imposed upon it by 

the forces operating opon it from the surrounding particles. 
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CHAPTER IV 

THE DIFFERENT KINDS OP WAVE MOTION AS AF- 
FECTED BY THE MEDIUM OP TRANSMISSION 

25. A wave in material substance may be defined as a dis- 
turbance, which, originating among the particles of the body, 
st or about some particular point, travels from that point 
outward through the body, while the particles wliieh are 
concerned in the successive disturbances in the path o£ the 
wave, after performing a certain small amount of motion in 
a limited space, resume their positions of rest. 

26. Longitudinal Waves. — The simplest form of wave 
motion may be illustrated as follows: Place a number of 
billiard balls of equal size, A, B, C, D, E, F, G (Fig. 5), in 



Figure 5 



I 

i ball4^ 



a straight line, equidistant from each other, on a 
table. 

If a sudden sharp blow be given with a cue to the 
in the direction AG, the ball A, will roll forward and strilra 
B, Id its centre, the ball A, will come to rest ; and the ball B, 
will roll forward and strike C, in its centre, the ball B, com- 
ing to rest; while the ball C, will roll forward. And so the 
motion or disturbance will be carried forward through tlM 
entire aeries of balls, while each individual ball will travel 
through but a very small apace. 

The series of balls es a whole, would represent the body 
through which the wave is propagated. 
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In the above illastratioii, the balls are supposed to be in 
perfect alignment, and the shot perfectly directed, bo that 
eacfa ball strikes the next one in line, exactly in the centre. 

27. It will be observed that in the positions in which we 
placed the balls along the line, they were not held in restraint 
hy any force whatever, so that any extraneous force applied 
to any one of them would have freely rolled it backward op 
forward in line or out of alignment, and there is no other 
tone operating to return it to its former position if once dis- 
plantL In other words we were not ilealing with balls held 
ia position under a rigid elastic system, as explained in 
Section 21. The only elastic reaction called into play in the 
iDustratioD, is that arising from the collision of the balls in 
the line of propagation of the wave. Elastic rigidity of the 
q-stinn is therefore not a necessary property of the body 
through which a longitudinal wave is propagated. It is only 
necrssar>' that the particles themselves be elastic. 

We would naturally expect, therefore, that longitudinal 
waves could be propagated through gases or liquids, and such 
Li sliown, experimentally and mathematically, to be t 

2S. On the other hand, if we imagine the same experiment 
modified, by supposing that forces are in operation between 
the respective balls, which make Uiem repel eaeh other, say 
ioveraely as the square of the distance, the balls in aligiunent 
will be held in their equidistant positions with elastic rigid- 
And if, under those circumstances the first ball is given 
low at its centre in the direction of the line of propaga- 
tbe wave motion must be transmitted longitudinally as 

ifore. 

There would seem to be, therefore, no intrinsic reason 
bodies poeseasing elastic rigidity should not be able to tri 
mil longitudinal waves. 

23. Sound Waves Are Longitudinal Waves and We 
Know That They May Be Propagated through Gases, 
Solids,— In the case of a gaseous medii 
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as air, we have to deal, not with the progressive coUisions 
between balls previously at rest and arranged in perfect 
alignment (as in the billiard ball illustration), but with the 
tranamisaion of the disturbance through a medium composed 
of particles flying in every direction, althout^h distributed 
with average density. Waves in such a medium, pass out- 
ward from the centre of disturbance, radially in every di- 
rection. 

The pragress of the wave along any radius is marked, at 
any point at a given instant, by a condensed aggregation of 
the particles of gas, followed by an excess diffusion of parli- 
eles or rarefaction, with the final result that aa the wave 
front passes on, the space left behind is refilled with parti- 
cles of the average density as at first. There is a restoration 
of average density in the medium, but never a restitiition of 
any particle to its former position. Nevertheless it is the 
disturbance which travels forward and not the gas particles. 
Such waves are also called waves of compression. 

30. Transverse Waves. — The simplest form of waves of 
transverse vibration, may be illustrated as follows: Place a 
number of billiard balls— M, N, 0, P, Q, B, and S (Pig. 6)— 

A c E 6 

/fC A A — t- 
t \ / \ / \ /' 






\/ 



Figure € 



spaced equidistant apart along the centre line MS of a wide 
trough, the parallel sides of which are elastically cushioned, i 
I are the sides of a billiard table. 
Suppose now, that the ball M is simultaneously subjected I 
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to two biowB, which we will represent by the force lines XM 
at right angles to MS, and YM in the direction MS. 

The bail M will take the reaultant direction MA and when 
it impinges on the cushion at A, it will be reflected by the 
elastic cushion in such a manner that the angle of reflection 
will be equal to the angle of incidence, and will proceed in 
the direction AN. It will come to rest when it strikes the 
ball N, and the latter will take up the motion and be reflected 
from the cushion at B, and proceed in the direction BO. It 
will come to rest when it strikes the ball 0, and the latter 
will take up the motion and be reflected from the cushion at 
C, and proceed in the direction CP. And so the motion will 
be carried forward through the entire scries of balls. In 
this ease, however, the continuity of that kind of wave motion 
ia dependent upon the elastic rigidity of the sides of the 
trough. It will be seen that the ball M moves under the 
operation of two forces YM, operating uniformly, in the di- 
rection of the propagation of the wave, and XM at right 
angles to that direction. But XM is totally overcome when 
the ball strikes the cushion at A. In being overcome, how- 
ever, it compresses the cushion at A, and the elastic reaction 
of the cushion against the ball, tends to hurl it back in a line 
perpendicular to the side of the trough, with a force AZ 
equal to SM, but operating in the opposite direction. At the 
same time the momentum of the ball, given by the force YM, 
will still be operating, and may be represented at the instant 
the ball is leaving the cushion at A by the force AT, so that 
the path of the ball will be in the direction AN. We see, 
therefore, that it is the elastic rigidity of the cushion which 
furnishes the force of restitution which brings the ball back 
into the line of the propagation of the wave. 

31, Now instead of billiard balls, we may imagine a homo- 
geneous isotropic arrangement of molecules or particles of 
matter, held in elastic rigidity by the forces of attraction and 
lulsion existing between them as explained in Section 21. 
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The elastic rigidity of the ^stem of particles lying ca either 
side of any line along which any sueh wave is started, would 
take the place of the cushion in the above illustration, which 
would continue the propagation of the wave in that line. 

But again in this billiard ball illustration, the forces — ^YM 
and XM — operate uniformly from the time of the blows until 
the ball travels all the way from M to A, so that the path is 
a straight line MA, But if we suppose that the. cushion at A 
were replaced by another ball held in elastic rigidity by the 
system of balls behind it, and further suppose that all the 
balls repel each other inversely as the square of the distance 
between them resjwetively. then it can easily be shown that 
the path of the ball M will not be the straight lines MA-AN, 
but will be a curve. 

In the case of particles of matter, however, the disturbance 
would be occasioned not by Uie motion of a single particle, 
but of very many particles, and the reaction which would 
furnish the force of restitution would be the reaction of very 
many particles, so that what we really have to deal with, is 
the average behavior of the particles, or the behavior of the 
average particle. 

We would not expect, therefore, that the transverse path of 
the average particle would be in straight lines, as in the bil- 
liard ball and cushion illustration. 

32. Moreover, in solids tlie particles or molecules are ar- 
ranged in elastic rigidity in space of tliree dimensions, while 
in our illustration we only considered wave motion in a angle 
plane. 

For reasons to be more fully considered hereafter, the gen- 
erally accepted theory is, that in waves of transverse vibra- 
tions, of simplest form, traveling tbrongh a solid, the path of 
the averaf^ particle is, as in tlie case of simple light waves as 
illustrat«I iu Figure 2, a spiral around the line of the direc- 
tion in which the wave is propagated, hut with Uie capacity of 
having the motion continued, under certain conditJoni 
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tnnsverBe vibrations in a eingle plane. In either case, ho* 
ever, the wave is propagated uudcp the operation of a steady^ 
force or pressure in the direction of the line of propajjation, 
and of forces of displacement and restitution, operating at 
right angles to the axis of the spiral or line of propagation 
of the wave, 

33. Because of the fact that gases and liquids are without 
I structure possessing elastic rigidity, it has been demon- 
Irated both mathematically and experioieu tally, that waves 
[ trans^-erse vibration cannot be propagated through them. 
fax, transverse vibrations can be propagated at the surface of j 

a liquid as we shall later see. 

Both mathematically and experimentally it has been c 
tenniued that both longitudinal and transverse waves cu 
bo transmitted throngh a solid. But the longitudinal i 
eompression waves in the same medium travel faster. 

34. Aa already seen, the evidence is entirely satisfactory, ' 
that light travels through the ether medium in transverse 
waves. Showing that the medium possesses elastic rigidity 
of structure. But there is no evidence in optical phenomena 
from which physicists have been able heretofore to draw the 
conctu&ioQ that longitudinal waves are propagated through 
the ether medium. 

35. The Solid Elastic Theory of Light.— The fact that 
light waves travel in transverse vibrations, showing that the 

KMliura possesses elastic rigidity, has led a great many sclen- 
ts to classify the ether as a solid or jelly-like substance. 
Notwithstanding the fact that it has taxed our confidence 
admit that the world and planets could, without friction, 
ange through such a solid, and pursue their courses around 
t sun, without apparent obstruction or delay, that fact has 
never seemed to trouble tfie mathematicians and physical 
scientists half so much, as the absence of any evidence that 
liiDfritudinal waves are transmitted through and by the ether 
mediniD. 



I 



■ 



36 THE UNIVERSE AND THE ATOM 

In other words, the disturbancea started in the son or 
other source of illumiaation, which create waves of transverse 
vibration nhich we call light, should, if the ether be a solid, 
give rise at the same time to waves of longitudinal vibrations 
after the manner of sound waves, and traveling faster even 
than light, but it has been considered that there is no evidence 
of the actual existence of snob waves. 

The great mathematicians of the early half of the last 
century accepted the absence of longitudinal waves in the 
ether medium as a fact, accounting for it by supposing that 
the ether was incompressible, in which case the velocity of 
the longitudinal wave as given by the mathematical formofEe 
would be infinite and the effect disappear. They then de- 
veloped the mechanical principles controlling transverse wa< 
motion in elastic solids, and deduced the mathematical 
tions applicable thereto. 

Under the treatment of Fresnel, Airy, Tait and otfaen^' 
the elastic solid theory was made to give us a wonderful in- 
sight into tbe mechanical movements taking place in these 
transverse waves. 

The solid clastic theory explained wonderfully well, most 
optical phenomena, but nevertheless, certain phenomena of 
reflection and refraction were not explained by it in a man- 
ner entirely satisfactory to the mathematicians. 

George Green and James MacCullagh, each in a little dif- 
ferent way, found explanationa which, to their own satisfac- 
tion, reconciled these seeming inconsistencies, without im- 
pairing the fundamentals of the theory. 

36. Maxwell's Electromagnetic Theory of Light Waves. 
— In his "Treatise on Electricity and Magnetism," Clerk 
Maxwell gave to the world (1873) what has since been known 
as the "Electromagnetic Theory of Light." It does not 
purpart to explain the motions taking place in a light wave, 
by following the movements consequent upon the displace- 
ment and restitution of an ether particle. It does nut pur- 
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port to tell OS what electricity is. But the ether medium ii ^ 
ssppuaexl to be composed of small vortex particles ( Sec. 8) 
and these are supposed to be iu a state of electric equilibrium 
until the disturbance passes on from cue particle to another 
as an electric "charge." As the wave advances there ia a 
" displaeetnent of electricity" on the particles in the wave 
£rant, and this displacement is at right angles to the direc- 
tion of the propagation of the wave. This electrical displace- 
ment U supposed to create a magnetic force at right angles 
to both the line of electrical displacement and to the line of 
the wave direction. Both the electric displacement and the 
magnetic force being in the wave front. The theory calia 
for the existence of a pressure in the direction of the 
ipagation of the wave. 

Under the theory, a light wave becomes an electrical and j 
letic vibration propagated through the medium. 
The theory may be graphically illustrated as follows: ■ 
Sappoae we are dealing with a plane polarized ray, and 1 
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Figure 7 



tat the light or electric wave be moving in the direction OX 
Pig. 7). 

I the wave passes throngh the point C, an electrical 

Iplacement is supposed to take place in the small cylinder 

'. the medium, at right angles to OX; the displace- 

l will be alternately in the direction AB and BA. The 

. will he as if a current of electricity were passing 
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throngh a, wire from A to B and as is well known from 
electrical phenomeaa, that will produce a system of magnetic 
lines of force, arranged in circles, of wiiieh the eeotrea lie 
in'A B, and the circles lie in planes perpendicular to AB. 
Or more aeeurately speaking, the circle representing the 
magnetic line of force at any particular instant, will travel 
np or down the cylinder with the electric displacement in 
AB, and at any other instant, will he in a plane parallel to 
its former position, and therefore at right angles to AB. 
When the direction of the electric displacement is reversed 
after a half vihration, as from A to B, the direction of the 
magnetic force in the circle will be reversed in its direction. 
Thus the elastic pulsation in AB is accompanied by a mag- 
netic pulsation in the circle of magnetic force. 

If we imagine that the wave front is made up of a number 
of such parallel cylinders, in which the elastic displacements 
' are taking place simultaneously and in the same phase, the 
magnetic forces created in the space between them, being in 
opposite directions, will be neutralized by each other, the 
effective force left being only the magnetic force operating 
at right angles to AB. So that the advance of the light wave, 
by reason of the electric and magnetic pulsations taking place 
at right angles to each other, will be accompanied, by the 
creation at the wave front of two waves sent olT thro;igh the 
surrounding medium, at right angles to each other and at 
right angles to the direction of the ray. '■ 

38. We will endeavor to point out later (Sees. 62-63) that 
in the case of plane polarized light the two pulsating forcea 
in the wave front operating at right angles to each other, 
and to the direction of the ray, mast exist under the Kolid 
elastic theory, as well as under the electric theory. So that 
there ought not to be any necessity for burying the mechani- 
cal idea, under the names of "electricity," "electric charge," 
"electric displacement" and "magnetic force," the mes 
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of vfa^h Maxwell himself dkl not attempt to translate into J 

iipli! tennB which detine substance and motion. 

Noh ithstanding this. Maxwell's electrical theory as to thai 

1 in whjirh light and eleetrica] waves are transmittedl 

vugh tht' ether, has been demonstrated to be correct as i 

workiug bypolbcfiia, and has produced a wonderful develops 

ment of 'aodfrn knowledge in electrical science, and finally inl 

J hantta of Uertz, it led to the discovery of tJie IlertEianB 

and the development of wireless telegraphy byM 

i results have caused an almost total abandonment ofl 
I eUsttc solid theory of light, and a general acceptance oCl 
I electrical theory. But the trouble with it is that it does! 
pt explain. 

BFe ean have no more quarrel with Maxwell as to this, thaal 
rton had with himself, for his inability to explain the u'Aya 
FgraWtation, the laws controlling which he dificovercd, auA 
Bil« expressing the belief that there existed an expliLnatioii,! 
\ admitted that he could not find one. 
9Pe know that by a simple mechanical arrangement we can.! 
^ven the fall of a cubic foot of water over a dam, into a 
leh c!e«tricity, and that too without converting any material 1 
a the electricity produced; nothing is used up, other than J 
i energy represented by the change of the posiUou of tija- 
ter from the lop to the bottom of the dam. From which,] 
B infereoce has long since been drawn, that electricity vtM 
liply sabstaiice in a dlfft^rent form of motion from motion of I 
in a straight line. And, therefore, instead oI'M 
f other things deHned in terms of electricity, electric ' 
|i1a«ement and electric charge, we have a right to demand 
i FZplanatinn of those terms, in terms applicable to siib- 
IDte undergo in c rectilinear motion. 
The discovery, within the last few years, of the existeuM 
I Iha uuall particle to which has been given the . 
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corpuscle, or electron, and its identification with negatiye 
electricity, has given a '* material" aspect to electricity/, which 
adds to the call for a reexamination of the solic. elastic 
theory of the ether, and of the mechanical operation? involved 
in ether waves. If the chemical atom is to be re^^tirded' as 
an aggregation of electrons, there is so much the mjre reason 
for not accepting the electron as the final thing, ard for dis- 
covering if possible, the mode of motion of substance which 
makes the electron. 

Maxwell elaborated his theories by use of quaternions, a 
method of mathematical treatment then but little under- 
stood, and which even now, is not to be interpreted by 
mathematicians of ordinary attainments. 

It is probable that it was for this reason that the value of 
his work for a long time remained not fully appreciated. 

39. Translated into simple mathematical language, the 
formula conceived by IMaxwell for expression of light wave 
motion on the electrical theory, can be made to conform ex- 
actly to that reached on the elastic solid theory. But the 
symbols in the respective equations do not represent the 
same things. (See Professor Lorenz on reconciliation. 
Light. Ency. Brit. 11th Ed. p. 622.) 

In an article in the American Journal of Science — Series 
3, Vol. 37, pp. 139-144 (Feb. 1889)— in which a critical 
mathematical comparison is made between the elastic and 
electrical theories of light waves, Professor J. Williard Oibbs 
refers to what he denominates * * A remarkable paper by Sir 
William Thomson in the November number of the Philosoph- 
ical Magazine which has opened a new vista in the possibili- 
ties of the theory of an elastic ether.'' 

By supposing that the ether extends all through boundless 
space, and attributing to it certain unstable elastic rigidity, 
it is shown that the velocity of the longitudinal wave or 
wave of compression, may be zero, and its disappearance in 
ether phenomena accounted for. The ether thus organized 
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k d(BigDBl€tl as a quasi-UihUe raediam. Professor Gibbs sajv-l 

"Tbis reudtrs possiMe a very siinpli? theory of light, which 

s l)eeii shown to give Presnel's laws for the iuteiisities of 

(eflrcted and refracted light and for double refraction, so 

1 ciineerns the phenomena which can be directly ob- 

iene*!. Th« displacement in an aeolotropic medium {a 

1 not conducting light equally in all directions) is in 

E plane passing through the wave normal as was sup- 

' Fresnel, but its position in that plane is different, 

pendieular to the ray instead of to tlie wave-normal. 

r^llie object of this paper to compare this new theory with ' 

jhe elastic theory of light. 

"Ill the limiting cases, that is, when we regard the velocity 

f the miraing wave in the elastic theory as zero, and in the 

electric theory as infinite, we shall find a remarkable cor- 

espoudence between the two theories, the motions of mono- 

Sirotnatic light, within isotropic (media having the same 

jpbyncal proi>ertie8 in every direction) or aeolotropic media 

pf any degree of transparency or opacity, and at the boundary 

ietween two such media, being represented by equations ab- 

lolnlt^ly identical, except that the symbols which denote dis- 

icement in one theory, denote force in the other, and vice 

After making the mathematical comparison, by use 

bf quaternions, the article concludes as follows: 

"It i« evident that the electrical theory of light has a 
iriotis rival, in a sense in which, perhaps, one did not exist 
Kfore the publication of Sir William Thomson's paper in 
IfoTrmber last. Nevertheless, neither surprise at the results 
irhicb have been achieved, nor admiration for that happy 
ludaeity of genius, which, seeking the solution of the problem 
nrecraely where no one else would have ventured to look for 
L-d half a century of defeat into victory, should 
mitnd us as to the actual state of the question." 

We Bliall la'tr on, examine into the causes which oi>eratc 
) give lo the ether a quasi-lahilc constitution. 



42 



THE UNIVERSE AND THE ATOM 



Wo have said this much on the subject of the elastic theory 
of light waves, solely to justify us, in returning with the 
greater eonlideuce, to an exatninatioD of the mecbanieal mo- 
tions taking place in an ether wave on the elastic theory. 

40. Wave Motion on the Surface of Liquids. — There is 
probably no branch of physics, mechanics or applied mathe- 
matics, in which more profound research has been made than 
that of wave motion. When we consider the number of 
particles, the independent motions of which are more or less 
conatrained by some law, so that as a whole, the motion ex- 
hibited is that, for instance, of a wave on the surface of 
water, we at once see, that to arrive at an understanding of 
the law controlling wave motion, we must study the behavior 
of the average particle, or the average behavior of a particle, 
and in this way eliminate the minor causes which work for 
irregularity, 

In their admirable treatise on "The Elements of Mechan- 
icfl" (Macniillan & Co., New York, 1909), Franklin and Jlac- 
Nutt elate tlie diiBcultJes which hedge this subject, and the 
basis upon which we must rest the wave tlieory of light, very 
aptly as follows: 

"In undertaking to establish the more important ideas of 
wave motion, we are confronted with a serious difficulty, 
namely, that water waves, the only kind of wavta with which 
one is familiar, are excessively complicated ; invisible sound 
waves in the air, and the even more intangible light waves in 
the ether, in their more important aspects, at least, are ex- 
tremely simple in comparison. The wave theory, however, 
originated in the application, to sound and light, of the ideas 
which grew out of a familiarity with the behavior of water 
waves, and in attempting to establish the wave theory, one tt 
obliged to base it upon the familiar phenomena of wave motion 
as exemplified by water waves." 

It is not the writer's purpose to enter into any exhaantiv^ 
discussion of wave motion, but the logical development of oar 
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Iwthesis, requires that the reader sbonld cany in hia n 
dcftr AD idea of wave motion as may be attained by a roM 
statement of certain well establislied principles, and that the 
attention be directed to certain phenomeDa illustrative of 
those principles of which use is to be subsequently made. 

41. Water Waves. — A wave on the surface of water ia 
carried on by vibrations transverse to the direction of the 
propagation of the wave. As already pointed out (Sec. 30), 
sui'h a wave cannot be carried on unless under the operation 
of alternate forces of displacement and restitution. In waves 
^^on the surface of wat«r, the action af gravity operating to 
^^■Mnre the water level, when disturbed, gives rise to the al^ 
^^Htnative forces of displacement and restitution. I 

^^B Tlie weight of a given volume of air is much lighter thani 
that of a similar volume of water. The average pressure otM 
air at the surface of the earth is 15 pounds to the square inch^ 
and that is due to the weight of a vertical column of airfl 
having a base of one square inch and reaching up to thtM 
confines of the air regions, estimated at say, 45 miles above u&9 
A column of water thirty-four feet in height would wei^ J 
as much. In order that a body of water held at rest by the 
force of gravity, should remain in a state of equilibrium, it 
is Qtreessary that the pressure should be the same on each 
particle of water lying in the same horizontal plane, other- 
wise, since pressure in a liquid is transmitted equally in every 
direction, there would be a movement of the particles from 
a point of greater to one of less pressure. It is thus that thaJ 
air pn^amire tends to keep the surface of the body of waterJ 
^^Jfi th« same level, or as we may say, in the same horizontalfl 
^^■lUDe, if we ignore the curvalure of the earth. ■ 

^^■42. Let AB (Fig. S) represent the plane surface of thfl 
^^B^ter at rest. ■ 

^^KNow nuppose we create a di«!tarbanc« in the water by sud^ 
^^H^tly dropping into it, say, a cylindrical body represented tgfl 
^^K Tb« effect will be that the liquid will be heaped up iifl 
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Uie form DEF, at the same time taking on a forward move- 
ment, — the force causing Ibis forward movement operating on 
aoy particle, say, at the erest E, being represented by EL, 
Gravity then commences to pull the particle E downward to 
the water level with a force represented by EK. The two 
forces EL and EK will be equivalent to a resultant force EM, 
But as the particle E falls toward the water level it acquires 
velocity and momentum, which sweep it along the curved path 
EPG, carrying it down to G, below the water level and creat- 
ing the trough FGH, But from the time the particle passed 




Figure 



through P it has been operating against the upward pressure 
of the body of water from below the water level, ao that 
by the time the particle reaches G, its downward momentum 
has been overcome, but it is still operated on by the forward 
impetus now represented by GO. Now when the particle is 
at G it is below the water level by the distance GP. There is, 
therefore, brought into play an upward pressure GN on the 
particle at G equal to what would be the downward pressure 
of a column of water PG, if it were present. The forces 00 
and GN will give the resultant GQ which will take the particle 
through the curved path GHI, to the new wave crest at I. 

But from the time the particle passed through H, it baa 
ceased to be operated upon by any accelerating force due to 
the pressure of the water seeking its level, and by the time it 
reaches I the aecelerating force of gravity operating down- 
ward has overcome the upward momentum acquired in moving 
from to H, and therefore, at I the new crest is formed. iat\ 
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the same way the motion is coatiuued and the wave is carriea^ 
by tlio forces of displacement and restitution, created byl 
iiity. The distance from E to I is called the wave length, 
the foregoing illustration we assumed that the particle 
ing at E actually itself traveled through the path 
EFGHI. This 18 not strictly correct. There ja an inter- 
change of particles, the motion of the one being taken np 
by another, but that does not affect the manner in which the 
motina la carried forward by the operation of the forces of 
diaplaccment and restitution through gravity. As we shall 
presently see, the real path of any individual particle from 
tlie time it leaves its position of equilibrium until its returibJ 
to its position of rest is circular or elliptic. I 

It ia apparent that gravitational waves must be purely! 
surface waves. The forces of displacement and restitutioal 
would not exist except at the surface separating two medJafl 
of different densities or weights, as in the case of water and ■ 
air. Hence below the rolling biUowa of the ocean, the sea 
is calm. 

43. By use of a long trough with glass sides, nearly filled , 
with water, through wliich bad been scattered small particles a 
of amber, wliich were so nearly of the same specific gravity I 
water that they remained suspended tiiereiu, H. and W, I 
'eber were able to examine the motions of the particles in-l 
'ed in simple water waves. A wave was created by im- 1 
ng one end of a glass tube below the surface of the ' 
;er, and by suction, raising a column of water in the tube 
Tcw centimetres high, and then letting the column of water 
The wave thus formed traveled down the length of . 
the trough, and careful observations were made through thS:* 
aide* of Ihe trough of the motions of the amber particles. ■ 
_ In the typical case, the particles in the surface of the ' 
■tin* described closed curves, which were elliptical or circu- 
^p in form, the diamet<.'r of tlie circle being equal to the 
Hrtieal distance between the crest and hollow, or height of ■ 
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the wave. In the upper part of the circle, tJie particle moved 
in the direction in wliit-h the wave was moving, in the lower 
part of the circle, iu the opposite direction. It was thua 
found, that while apparently the water composing the wave 
rolled on through the full length of the trough, that as a 
matter of fact, the particles composing the wave at any 
instant were performing a circular motion in their own little 
orbits, and returned to a state of rest, at least approximately, 
at the positions from which they started, while the wave mo- 
tion was carried forward by the succeeding particles which 
were taken up by that motion, until they too had performed 
their orbital motions. 

44. If we are considering a single wave, the distance 
through which a wave progresses, during tlie time required 
for a particle taken up at the surface to make one complete 
revolution iu its orbit, is called a wave length. Where there 
is a train of waves, the wave length is measured from crest 
to crest. 

In the case of a wave traveling on the surface in deep 
water, the individual particles describe circles in vert ied 
planes as illustrated in Figure 9. 




When a particle ia on the crest A, of the wave, it is moving 
in the direction in which the wave is moving. When it is in 
the trough B, it is moving in the opposite direction to that 
in which the wave is movijig. 

Aa we go down from the surface, fhe particles still move 
in circles, bat the radii grow smaller and smaller, till at a 
depth equal to the wave length the radius of the circle is 
only about Vaooth of what it is at the surface. In abal 
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water the patim of the indiyidaal particles are ellipses with 
their migor axes horizontal. In the case of shallow water, the 
horizontal axes of the ellipses are approximately the same for 
the iMirticleB at all depths. The vertical axes, however, de- 
crease with the depth, until at the bottom they vanish, and 
the iMirticles move backward and forward along straight 
Unes. 

The velocity of progression Z of gravitational waves on 
the surface of deep water is given by the formula 

For the derivation of this formula see Appendix, section 198. 
For its limited applicability to light waves see Appendix, sec- 
tion 200 ; also see section 145. 




THE GENERAL THEORY OP WAVE MOTION 

45. Position of the Circle of Revolution in Respect to 
the Direction of the Wave. — We know that the motions 
■which take place in a water wave, repeat themselves every 
wave length. The same is true in regard to light waves. 
In other words, the motion is periodic. 

We may aasume that the simplest form of auch wave x 
tion consists of the revolution of a particle in a circle, v 
the centre of the circle moves with nniform velocity along a 
straight line, which we may designate as the line of progres- 




Figure 10 

There are bot two positions in which we can pLaoa 1 
plane of the circle in reference to the line of pro 
so as to make their relation symmetrical. 

One position is when the line of progression lies in ) 
plane of the circle, as illustrated by the circle ABCD (F 
10) where PP is the line of progression. The other is when 
the line of progression is perpendicular to the plane of the 
circle, as illustrated by the circle A'B'C'D' and line PE 
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The first ia represented by water waves, and by polarized raya, 
til* latUT representing the simpIeBt or ordinary form of light 
wave motion. 

If you hold with your hand one end of a abort string, to 
lh« other end of which is attached a small weig:bt or button,,, 
having jroor arm extended horizontally, straight out in frool 
of yoor body, with a alight motion of the hand, you cai 
set the button revolving in a vertical circle, the plane 
which passes through your eye. If now, while the button 
18 90 revolving, you walk forward, you will observe that 
periodically thi3 button reaches the highest point or crest 
of the circle, and the distance you walk between each 
nworrence of the crest, represents a wave length. This il- 
lustrates water.wave motion, except that the motion is carried 
on by a succesdon of particles, instead of by one, the motion 
having been imparted from one to another, as we have here- 
tofore Been. It illustrates also the motion in a polarized ■■ 
light ray. 

Commencing the experiment over again, you ( 
button revolving in a vertical circle, the plane of which is at 
right angles to the arm extended in front of your body. 
While walking forward you will observe that the bntton de- 
scribes a spiral curve. The button will reach the highest 
point or crest of the circle, periodically as before, and the 
dbtance you have walked between each recurrence of a 
cr«rt, will represent tlie wave length. With the same limita- 
tions as above, relative to the interchange of particles, this 
would represent light wave motion in its simplest form. 

tlf the plane of the circle of the revolving particle were 
; at an acute or an obtuse angle to the line of progression, 
t forces at work in the circle would not be acting in lines 
Duoelrical to the line of progression, and the direction 
llic wave would be changed. So that on the principle 
symmetrj', we have only to deal with the two cases above 
acribed. 
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In dealing with wave motion, therefore, the first thingfl 
examine into is motion ijj a circle, 

46. Simple Harmonic Motion. — In gravitational waves, as 
we have seen, the forces of displacement and restitution act 
vertically,^ — while an^ given particle performs a circular 
orbit. It has been found convenient for certain purposes, 
to treat the motion of the particle as taking place up and 
down only in the vertical line, having the motion in the verti- 
cal line controlled by the position of the particle actually 
revolving in the circle with uniform speed. The utility of 
the idea is not confined to gravitational waves. 

Simple harmonic motion is the motion of the projection on 
a ^ed straight line, of a particle moving uniformly In a 
circle. 

Suppose a particle P', starting from D (Fig. 11), is mov- 
ing with uniform velocity in the circle of radius A; in the 
direction of the hands of a 
clock, at the speed of n revo- 
lutions per second, the point 
P which is the projection of 
P' on the line PG, is said to 
perform simple harmonic 
motion in the line PG. 
When P' reaches the posi- 
tion Q', the point P will 
have traveled to Q. When 
P' reaches G, P will have 
reached 0. When P' passes 
through G, P will start I 
in the line GF, meetinj 
again at F. "When P' reaches its starting point D, P i 
have reached O, etc, 

47. Phase. — When the particle traveling in Ihe circle ii 
the position P', the displacement angle DOP'= is the phai 
provided we take D as the starting point. 




Figure 11 



TOE QStOBAIi ThBOBT OV WAVB UOtIOM 

EpoclL^It is somelimes convenient to commenec the ooimtf 
^^Amd Boiut.' othtir puiut, as from £. In which case the anglel 
^^K)E U the epoch, usually rppresented by the letter E. And'J 
^^H thai case tlie angle P'OE is the phase ^. So that! 

Vibiration or Cycle. — One complete up and down move- 1 
meot of thL- point P, is called a vihration or cycle. 

Frequency, — The nuinbor n of vibrations, or cycles per 
second, ia called the frequency of the oscillations of the 
point P. This is the same as the number of revolutions per 

Wnd of the point P'. 

Period. — The time required for the particle to complete I 

i whfAv vibration or cycle is called the period of the Har- 
: motion, and ia aanally represented by the Greek let- 

Bt is obviouB that if n vibrations take place in a second. 
It one vibration takes place in — seconds. That is to say : 



y. Equilibrium Position. — is the position of equilibrium J 

^^H&mplitude. — The maximum distance from 0, reached by 1 
^^K vibrating particle P is called the amplitude of its oscil-l 
^UitioDa. This amplitude is equal to the radius A. 

Displacement.— OP is the displacement of the particle P I 
at the time (. 

tPhase Difference. — If two points P' and Q' are both re- 

^vi))g in the same circle wilh the same velocity, the angle 

OP' will lie constant, and that angle ia called their phase 

jffercnce. 

, In the general theory of wave motion, it has been tisnalj 
Mppoae that the revolution of the particle P' takes pla{ 
1 direction contrary to that of the hands of a clock. 
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As it is customary to represent water waves aa progrei 
to the right, and in such tiasa, siuce it is kuowu that the revi^ 
lution of a particle is clock-wise, we have found it convenient 
to suppose the revolution aa taking place clock-wise in the 
above illustration, so taking it, the angular velocity w, will 
have a negative sign, because positive angles are always 
measured to the left, and when the particle moving in the 
circumference reaches P' in time (, we will have : 

(» = _«,( + E or— ff=(w( — E) 

And the displacement OP = A ain tf oi 

(1) y = A8in («,-( — E). 

On the other hand, if the revolution be considered aa tal 
place in the opposite direction to that of the hands of a clock, 
which is the usual way we measure angles geometrically, 
then w win be positive, and fl^^ (m'( -f E) and we have I 
the displacement OP =^ y the value — 

(2) y = A sin (m)( + E). 

If we desire to change our starting point for angular meas- 
urements from D to O, the end of the diameter on which wb 
are measuring the displacements, the value of E would J 

increased by 90°. That is the new value of E ^ E + -gij 

This value substituted for E in (2) gives — 



y=:8in (tti( + E-}--s ) or 
(3) y = coa(w( + E) 

The latter is the usual equation of circular motion l 
for working out the equation of light wave motion. 

Of course, aa many reasons can he assigned why tlie f 
cles of a light wave, moving through an isotropic mei; 
should revolve to the right, as to llie left, and wi- have r 
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b believe that some waves revolve in one direction and » 
J the other. 

I Now let us suppose that while the particle P' (Fig. 11} is J 
rolving aroond in Ihe plane of the paper, that the centre 1 
I M itself traveling through space, with velocity Z, in a line 
|f progression perpendicular to the plane of the paper, and 
bat the progression of the centre carries the entire circular 
wtion of the particle with it. It is evident that the parti- 

' would describe a spiral around the axis of progression j 1 
lat at each interval t in whii-h 1" makes a complete revolu- 
j around the axis, a wave length is demarked on the axis, 
i the circular motion of the particle again goes through 
ue succession of phases. It is evident that there must 
e definite relation existing between the circular motion 
kiniiil the axis of progression, the velocity Z of the centre of 
e arcle of revolution, along the line of progression, and A, 
! wave length. To arrive at that relation we have only to 
mhine in a proper way. the mathematical expression for 
Kular motion expressed hy equation (3) with conditions 
iDposc-d by giving the centre of the circle a velocity of Z in 
fee line of progression. 
We have shown how this has been done in Appendix, Sec- ' 
n 193, The resulting equation is as true for the case where 
e circular revolution is taking place in a plane coinciding 

1 the line of progression as at right angles to it. 
49. Construction of the Curve of Sines or Simple Har- 
monic Curve,— Sap pose we have a numlier of particles ar- 
rangml, when at rest, at equal distances along a line AB 
, 12), and that these particles all execute Simple Ilar- 
nie motion of equal amplitude and period, along lines at j 
■ht aogles to AB, but in such a way that the phase of each 1 
rive particle, counting from A, differs from that of the j 
(ding particle hy a constant amount. For convenienoe I 
[ will tdtf the differcuce in phase as 30°, which is K» j 
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In the case of waves on the surface of water, where the 
progreasion is assumed to be to the right, to make the direc- 
tion of revolution conform to the observed facts, we will have 
to assume that the particle is revolving in the eircle in the 
san>e direction as the hands of a clock. 

The figures 1, 2, 3, 4, 5, etc., on the circle, show the posi- 
tion of a particle on the circumference of the eircle in which 
the revolution of tlie particle is taking place for each interval 
of 30" corresponding to Vis of the periodic time. While tliis 
revolution is going on, the centre of the circle is progressing 
with uniform velocity along AB. 
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The dots in the vertical lines show the corresponding 
tions of the particle on the harmonic curve, or wave line. 

By construction, NP = — A siu <^, N'P' = — A sin 2 ^, 
N"P" ^ ^ A sin 3^, etc. For the point "8" on the circle, 
the angle is 180°+ <fr, and by trigonometry — sin (180°+ 4,) 
= — siu 4>, and therefore, for the ordinate given by the equa- 
tion y^ — ^Asin (180°-|-^) we have, y = A sin ^, 1 
^ves the point D above the line AB, etc. 

Such a wave is called a curve of sines. 

Fourier has shown that every curve in which the 
form is periodically repeated, can be either represented by a 
simple curve of sines, or constitutes a composition of a nam> 
her of such simple sine curves. 

If T be the period of the complex periodic wave, then 
Fourier's theorem, the periods of Ihc constituent nini] 
monic curves will be included in T, T/2, T/3, T/4, el 
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^^P60. Composition of Wave Motion in a Single Plane. — I 
^^ne are all familiar with the fact that when two water waves" 
of the same period and amplitude running in the same direc- 
tion, are brought into one line, the effect is to double the 
heigfal of Ihe wave, provided the crests coincide. If the crest 
of one of the waves is half a wave length behind the other, 
however, the crest of one falls into the trough of the other, 
paad Uie two waves "interfere" and apparently destroy each 






Fre«nel was the first to point out that the forces operating 
to cauitc the vertical displacement in euch waves, could be 
added or subtracted, or otherwise combined to give a rft- 
sultant, just as other forces are combined when we are deal- 
ing with forces operating In straight lines. 

Compoaition of wave motions taking place in the same 
plane is merely composition of the vertical displacementa , 
wbich go to malte up the waves, as we have just seen. 

If two systems of waves coexist in the same body, the di»-fl 
placement of any particle affected simultaneously by than 
forces operating in each wave, at any instant, will be the 
algebraic sum of the displacements due to the systems taken 
separate ly. 

If the curve of displacements be drawn for each system 
;h the displacements represented by ordinatcs at right 
to the line of progression, the algebraic sum of the 
ordinatrs will give the ordinatcs of the curve representing 
the actual displacements, which make the combination 
wave. J 

51. Figure A, Plate T, shows the graphic method of com- J 
bining two waves, wliieh have the same period and which aral 
in the Kami! phase. 

The dolled line, and the slightly shaded line, represent the 
two constil.uent waves, and the heavily shaded line represent* 
Uk actual or combination wave. 

the illustration, we have taken the amplitude of one of J 
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the constituent waves as being twice aa great as the ampli- 
tude of ttie other, which makes the amplitude of the com- 
bined waves three times as great as that of the smaller of the 
constituent waves. 

52. Figure B, Plate I, illustrates the combination of the 
same two waves of the same period, but being in different 
phases — being one-fourtli of a period apart. 

53. Figure C, Plate I, illustrates the combination of two 
waves of the same period and same amplitude, but having 
their phases differing by one-half period. 

It will be seen at once that the algebraic sum of the ordi- 
nat«8 representing the vertical displacements for every point 
is zero, and the combination wave is reduced to the surface 
line AB. That is to say, so far as any up and down move- 
ment is concerned, the water is apparently at rest. If the 
two trains of waves are proceeding in the same direction, that 
condition must continue. The condition which thus arises 
is called interference, and is a phenomenon common to water 
waves, sound waves, and light waves. 

It must not be understood, however, that when two waves 
interfere the energy in tliem is destroyed. The manner 
in which the energy is being exerted has been changed, and 
that is all. Nevertheless, tlie interference of two water waves 
which are thrown together so aa to make the crest of one fall 
into the trough of the other, produces, apparently at least, a 
surface rest. 

Two sound waves proceeding in the same direction, and 
one being half a wave length behind tlie other, produce si- 
lence. This is easily shown by turning a vibrating tuning 
fork around at a certain angle, when the respective pronga 
will send off waves in the direction of the ear, which will in- 
terfere, being a half wave length different in phase, and in 
that position tlie sound ceases. 

Fresnel's famous experiment demonstrated that two light 
waves proceeding in the same direction, wber« one is hal£j 
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Fig.A. 




FI9. B. 




Fi^, C. 




Fig. D. 
Plate I 
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wave length behind the other, prodaces darkness (Ganot'e 
Physics, Sec. 583). 

54. Figure D, Plate I, represents the combined wave re- 
sulting £rom two waves having the same amplitudes, but the 
wave-length of one of the constituent waves being twice the 
length of that of the other constituent wave. It will be no- 
ticed that the resultant wave is periodic, that is to say — the 
part of the curve between N and Q is a repetition of the 
part between A and N. But wliile periodic, it is no longer 
a simple sinusoid curve. 

55. Stationary Water Waves. Loops and Nodes. — 
When two non-elastic substances of the same magnitude, pro- 
ceeding in opposite directions at the same speed, come in di- 
rect collision, they are brought to rest, and the rectilinear 
motion is apparently destroyed. We know, however, that no 
energy is destroyed, that the rectilinear motion has simply 
been converted into vibratory motion of the particles of the 
colliding bodies, as manifested by their increase of tempera- 
ture. 

When two similar water waves proeeeding in opposite di- 
rections meet, they simply pass through each other and go on 
their way as if nothing had happened. But while passing 
tbroDgh each other, there is a local effect, caused by a compo- 
sition of the vertical diaplacements taking place in the waves, 
precisely as in the ease of waves proceeding in the same direc- 
tion. In either case the combination affects both the a|>- 
parent wave length at the place of passage and the vertical 
displacement. 

56. Every observant person who has had the opportmii^ 
of that experience, has noticed that when a train of waves is 
thrown off from a passing steamboat, the advanw wave, with 
those following, can be seen rollinp in toward the river bank. 
If the direction of the wave progression is perpendicular to 
the hank, each wave as it strikes the bank, is reflected baek, 
and a return train of waves is sent out Uirougb the 
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ing wafM. Wlitrn this takes place the waves rise to twice 
their former height, and they no longer appear to be coming i 
in or going out, but the crests rise and fall. At one instant 
(he surfttce beeomt's level, and at the next, the eresta rise 
again, and this motion is repeated as long as the two oppo- 
sitely directed trains of waves are passing through each 
other. This motion is exhibited in the bobbing up and down 
of soy canoe which may be near the bank, and in the path 
of iJie waves. This phenomenon is explained by the formar 
tioD of stationary waves. 

It is one of the most interesting and important phenomena ' 
lected with wave motion, and its significance has never 
fully appreciated. 
57. The following graphic explanation of the formation 
of stationary waves is after Dr. W. Watson. Do not fail to 
get a clear understanding of it. It furnishes a key to the 
ex structure of the ether of space. 
[Ijet AB (Plate 11) represent a vertical section of the re- ^ 
ing surface, and let the wave line CD represent a section 
lUgh the incident train of waves. Each of these waves, 
it reaches the obstacle, will be reflected, so that we shall 
i?ii a train of reflected waves traveling away from AB, 

for clearness are shown separate at EP. 
Since it is evident that when a crest of the incident waves 
^hes the obstacle, a crest will be produced on the retieeted 
!, and as at the instant for which the figure is drawn, a 
on the incident wave is at C, we must have a crest on the 
l«ted wave at E, Owing to the combined action of the 
ident and reflected waves, the form taken by the water 
surface is shown at Gil. in which the displacement at any 
point ifl the sum of the displacements due to the two s^'stems < 
waves separately. 

J T id the period of the waves, then in time T/4, the inei- 
wavcfl will have moved through the distance equal to a j 
of the wave length A, to the left, for the wave travels 
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over a sj^ace equal to the wave-length, during the period; 
also the reflected waves will have traveled through the dis- 
tance A/4 to the right, as shown at CD' and E'F'. 
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Under the combined action of the two sets of waves, the 
whole surface will be momentarily in its position of rest, as 
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ahowD at G'H', for it will be noticed that the effect of tbiim 
reflected waves is just to neutralize the displacement due to ' 
the incident waves. Similarly, the actual state oE the water- 
surface, at times T/2, and 3T/4, is shown at Q"II" and 
G"'H"'. If these curves are examined, it will be seen that i 
there are certain points, N„ N,, N„ etc., on the surface of tbtim 
liquid, which remain pennaneutly at rest, owing to the inter- 1 
ference between the incident and reflected waves. Theao^l 
points are called nodes. Half way between each node, the 1 
water surface swinge up and down to a masimum extent, and 1 
these polnta are called loops or antinodes. I 

The portions of the surface between the nodes and the I 
loops move up and down, the amplitude of the movement ■ 
gradually decreasing from the loop to the node. Thus at 
one instant, we have a series of alternate crests and troughs 
at the loops, then the surface flattens out, and immediately 
after, a series of troughs and crests appear at the loops, and 
so on; and the character of the disturbance is quite different J 
from ordinary waves, for there is no progressive movement I 
of the crests and troughs. These waves which retain theiri 
position unaltered are called stationary waves, and, as wed 
shall find later, they play an important part in many phe- i 
nomena which involve wave motion. I 

It is immediately evident from Plate II, that the distance! 
between consecutive nodes is equal to half the wave length. I 

Uence, if we measure the distance between the nodes, and J 
know the frequency of the waves, we can calculate the veloci^ ■ 
with which they travel. ' 

The nodes are points at which the disturbance due to the 
ifleeted waves is always equal and opposite to that due to 
le incident waves. The loops, on the other hand, are points 
where the disturbance due to the reBeeted, is equal to, and 
in the same direction as that due to the direct waves. A con- 
nderation of the figure will show that the portions of tha 
medhim on opposite sides of a node are always moving m j 
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Opposite directions, or are displaced on opposite »des of 
positions of rest. 

58. Stationary Light Waves.— Lippman's Color Photi 
raphy. — As is well known, light waves of different colors 
have different wave lengths. The red ray wave-length is 
the longest of the visihie rays — the violet is the shortest. 

The wave length of red rays at the typical Praunhofcr 
line B of the spectrum, is given by Qanot as 0,0000271 of an 
inch. For line II of the violet ray, 0.0000155. The other 
colors have intermediate wave lengths. Compared with the 
length of a wave of light, the thickness of a film of collodion 
used on a plate for photography is very large. In pi 
through such a film, a wave of light of any color would 
many periods or wave lengths. 

Lippman filled a square glass jar with mercury, to gi^ 
the aides of the jar a mirror effect. One side of the jar was 
then coated wilh a thin film of collodion, or other photo- 
graphic emulsion, and an image of an ohject in front of the 
jar, with ordinary white light, which contains light of all 
colors, was thrown on the plate so prepared, as in the case 
of ordinary picture taking with a camera. For each color 
represented, a train of waves which penetrated through the 
film, was reflected back on its path, and passing through the 
film in the opposite direction, met the oncoming train, and 
formed stationary waves, with nodal points spaced half a 
wave length apart, precisely as in the case of water waves. 

As is well known, the amount of chemical action produced 
by light in a collodion film is proportional to the intensity 
of light. This chemical action causes a deposit in the film 
of metallic silver from the material of the collodion. This 
chemical action being greatest between the nodes, it causes 
layers of metallic silver to be deposited from the collodion, 
at regular intervals through the thickness of the film for 
each half wave length of each of the respective colors of light 
rays. When the exposure is sufficient, the plate is then dfr 
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Iped, as in ordinary photography. If now a beam of 
le light is made to fall incident on the developed plate, 
each of the layers of metallic silver in the film, the deposit 
of which has beyn caused by a ray of any particular wave 
length, will reflect tight only of that wave length or color, 
and the color of the light returned by reflection from the i 
plate for any particular point of the imago on the plate, will | 
aom'spond to the color of the rays which originally impinged I 
u the plate at that point. Lippnmn was thus able to obtain 1 
■autifol photographs in natural colors. The process is I 

I here, as strongly confirmatory of the wave theory of 

^t, and as showing the close analogy between the behavior 

I light waves and of water waves. It is also a demonstra- 

k>u that two trains of light waves moving in opposite diree- 

B are not destroyed, but pass through each other, and in 

n doing they form stationary waves. 

Aa we shall later point out, the phenomena above described, 

demonstrating the eonditions under which stationary waves 

(vortc-X centres) are formed in the other structure when two 

trains of light waves are passing throngh each other in oppo- 

t directions, will, when certain other facts are considered 

Kwilh, furnish an explanation of the isometric arrange- 

•nt of Uie vortex centres of which Maxwell conceived that 

e elhej- structure necessarily must he composed, and indeed, 

rough it we will arrive at the necessary conception of 

standard vortex centres or standard ether particles, which is i 

th« basis of all matter. 
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COMPOSITION OP SIMPLE HARMONIC MOTION 
AND SOME OF ITS RESULTS 



59. Composition of Simple Harmonic Motions in tbe 
Same Direction. — When two similar waves proceeding in the 
aame direction coincide in the same phase, any particle, whieli, 
acting under the forces in operation in the one wave, would 
describe a ciicle of a certain radius, will under the forces 
acting in both waves, describe a circle of double the radius, 
and therefore the height of the crest of a composition wave 
in which two such circular motions are superimposed would 
be double. 
To follow the path of a particle when acted upon simul- 
taneously by two independent sets of 
forces, each of which would separately 
raakp it describe a circle, is in effect 
to make a composition of two Simple 
Harmonic Motions. 

Thus if we have tie eoiueidenc© of 

two waves going in the same direction, 

with the same amplitudes, and in the 

same phase, then any particle P (Fig, 

13) is being operated on by a force in 

one wave, which at P', would give it a 

vertical displacement OL, and the ex. 

actly similar force in the other wave operating by itself, 

would give that particle a vertical displacement equal to OL. 

The two acting together would give a vertical displacentu^ 




Figure 13 
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TIii»( tlonhU' dispIacemeQt is e,"cacrtly the same aa if the 
lis OQ' of the circle of refereufe for the combined mo- 
( wi're twice as great as in the ease of only one of the 
equal eoinponeot motions. 

r the phasta of the two rotations differed by 180 degrees, 
! r<»rc«( iu one wave wonld tend to give the particle the 
rtical displaeement OL upward, and the forces operating 
;lic other wave wonld tend to give the particle the equal 
rtieal displacement OK downward, so that they would 1 
lutralize each other. ■ 

"Where, as iii the illustration (Pig. 13), the two circular 
motiotts are going on in the same direction, with the same 
angular velocity, even though the amplitudes be different, we 

|»y regard Q the resultant position of the particle, as re- 
ilnng around P, while P is revolving around 0. For if in 
giv)?n time i* has revolved through the angle POP', and be 
P', we may draw P'S parallel to OQ, and Q will have re- 
ived through an angle .SP'Q'= POP' Consequently 0, P' 
kI Q' will be in the same straight line, and the actual path 
oi Q vriU bo the circle QQ'M, with the radius 0P'+ P'Q = 
OQ. 1 

If th« phases of the two motions differed so that the vertical ■ 
mpouents representing the respective displacements are, 
B alwve O, and the other below 0, so that one is negative 
I the other positive at a given instant, the vertical com- 
luaiit* nnist be added in the algebraic sense, that is to say, 
t lew is subtracted from the greater, to get the value and 
mper size of the resultant vertical component representing 
he eombitied disptaeemeut. 

I It ia an important principle that, when the particles in two 4 
nves brought into composition are revolving with the same 
Bgnlar velocity, the residtant path of the particle will be 
« as that of a second particle, if we had a first parti- 
i revolving jual as it would nuder the action of one wave, 
and a Becond particle under the intlnenee of a second wave,j 
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i-fvolviug around the first particle while the first i 
moving. 

It is apparent that compoaition of Simple Harmonic motion 
is as much applicable to tht case of water waves in which the 
circular motion is going on in the plane passing through 
the line o£ progression, as to the case of light waves in which 
the circular motion is in a plane at right angles to the line of 
progression. 

60. Combination of Haimonlc Motions in Opposite Di- 
rections.^ Wbeu the periods of the two harmonic motions 
are the same, but the direction in which the respective revo- 
lutioDs are' taking place is opposite, there is presented an ex- 
tremely important and interesting case. 

We will suppose that P (Fig. 14) revolves to the right 
around 0, and that Q revolves to the left around I*, in the 
same period, therefore having the same 
angular velocity. 

Professor Tait in his article o 
chanicB (Encyc. Brit., 9th Ed-lj 
cusses the proposition thus: 

'"It is obvious there must now be 
positions in which OP and PQ are in 
the same straight line. Let OA, AB, 
be one of these. Then in any other 
position, OP and PQ are equally io- 
clined to OA. (This follows becauae 
the angular velocities are the aame, 
and angle SPQ'=AQ'P.) The path 
of Q is an ellipse, of which the major 
semi-axis is the sum of the radii, and 
the minor axis, their difference. Uenec, when the radU i 
equal, the resultant is simple harmonic motion i 
OBB'. 

"Tkux we have the propoaiiion of very great inpt 
in oplic», that a simple harmonic- motion may be lookeiw 
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u the resultant of two equal and opposite circ\dar motions 
plane." 

61, fr'roin the above it is apparent, that when the two coik 
lent circular motions taking place in opposite directioni 

different amplitudes (radii) the actual path of a parti-1 
moving tinder the combined action of the two is an ellipse 
M'N' and that tlie direction of the motion in the periph- 
of the ellipse, will correspond to the direction of rotation 
of that one o£ the constituent circular motions which liaa the 
greater amplitude. In that case the motion of the particle 
may be illustrated by that of a house-fly on the rim of a 
wheel which is revolving with uniform velocity, the fly walk- 
down one of the spokes of the wheel a certain distance 
iward the hub, and back again, so as to be at the rim at 
eml of each half revolution of the wheel. The path o& 
fly will be an ellipse. 
■When the amplitudes of tlie two constituent circular mo- 
tions taking place in opposite directions are equal, since foi 
any value of the angle AOP wo must have angle OQ'P = 
SP<i = AOP. therefore we must have PQ'= OP, and (^ ' 
must he in the line BB' whatever may be the angle through 
which the revolution has proceeded. That is to say, in such 
Uic actual path of the particle is the straight line BB'..| 
particle simply oscillates up and down between BB' witi 
pie harmonic motion. 

62. Secondary Waves. — Let us now consider the effect e 
a light wave on the elastic medium through which it i 
pasinif. 

Suppose the ray to be proceeding from underneath, per-' 

pendicular to the plane of the paper, so that it would pass 

throagh the paper and reach the eye looking down on the 

At the instant under consideration, the particle in 

wave front in revolving in the circle BDAQ in the plane 

the paper, as illustrated in Figure 15. 

In pssaing around the circle from B to A, the forces op4 
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ating on the particle in the direction BA, are equivalei 
we have seen, to the forces which would take the pai 

directly in the line BA, if the particle 
BA were pertormiug simple harmonic 
motion. The pulsation of the particle 
from B to A is overcome at A by oper- 
ating against the elastic rigidity of the 
mediiun, tlie force imparted to the me- 
dium at A being represented by the line 
AF, At the same time there is a tan- 
gential force operating on the medium 
at A, represented by AT, due to the 
revolution of the particle in the circle. 
We have, therefore, operating on a par- 
ticle of the surrounding medium at A, 
two forces acting simultaneously and at 
right angles to each other, which on the principles stated in 
section 30, should give rise to the wave of transverse vibra- 
tion AMNS. This secondary wave proceeds from the wave 
front of the ray and at right angles to the line of progression 
of the ray. Let us hold our conclusions in abeyance as to 
whether the secondary wave AMNS proceeds radially in the 
direction AP or tangentially in the direction AT, 

But what is true of the vibrations taking place in BA is 
true for each and every diameter of the circle of revolution, 
and therefore as any principal wave progresses, with a circu- 
lar wave front, there must be generated waves sent off ra- 
(lially frotir the end of every diameter of the circle, and all 
of these secondary waves must lie ia a plane in the wave 
front and at right angles to the lino of progression of the 
ray. 

The analogy between these secondary waves with which we 
are now dealing, and the waves sent off radially from a wire 
through which an electric vibration is sent, as in the case o£ 
wireless telegraphy, is striking. 



'MP08ITI0N OP SIMPLE ttARMONIC MOTIONS 



69 I 



63. Motion in the Polarized Ray. — Let us return now, to! 
I «ansideratioii of the mauuer in whicli an ordinary light I 
wave, by passing through a tounualine plate, is converted I 
into n plane polarized ray, as explained in section 4 and * 
Figure 2. The particle revolving in circular orbit at right 
angloa to the line of progreBsion of the ray, on entering be- 
tUTVD thv nails of the plate, can no longer progress iji a 
syiral path, but continues its progress through the plate in 
wave moliou, in which the vibrations are transverse, and in 
a rangic plane, between the walls of the plate, and after pass- 
ing tJirough the plate, continues in that motion. 

Now let oa examine into the caiaea at work to accomplish 
this change in the form of motion. 

We may attach one end of a ateel spring rigidly to a firm 
Bopport, and against its elastic resistance we may push the 
other end so as to make the spring bend through a certain 
angle. In so doing, we have expended a certain amount of 1 
energy, ami have stored up in the spring a certain amount 1 
of power or "potential energy," which (disregarding frift- \ 
tion) is capable of doing just as much work or overcoming 
just as much resistance iu swinging hack to its former posi- 
tion of eqadibrium. 

The energy expended in moving the spring against its 
elastic resistance is denominated "kinetic energy." It fol- 
lows that in all such movements involving action and reaction 
iu a perfectly elastic medium, at any instant considered, one- 
half the energy is kinetic energy and the other half, poten- 
tial energ>*. 
^^^^ slated by Maxwell in his explanation of the undulatory 
^^ftory of the passage of light waves through the ether : 
^^BF'Half of this energy is in the form of potential energy, due 
^T5 tile distortion of elementary portions of the medium, and 
half in the fonn of kinetic energy, d^^ to the motion of the 
medium." 
■lit't us BUppoBe a ray is proceeding from underneath, per- 
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peDdicular to the plane of the paper, the wave front repre- 
sented by the circle (Fig. 16) in which the particle is re- 
volving, lying in the plane of the paper. We will suppose 
that the particle so revolving has jost entered between the 
walls AB and CD of the tourmaline plate. We must con- 
sider that the space between the walls is filled with ether. 

When the particle P revolving in the circle strikes the wall 
AB at M, it is reflected back to N, where it strikes the wall 
CD and is reflected hack toward M, 
etc. But in the meantime, when 
the particle reached the position P 
it commenced to he operated upon 
in the direction PQ by the elastic 
reaction of the medium represented 
hy the arrow S, due to the poten- 
tial energy stored up in the sur- 
rounding elastic medium by the 
previous semi-revolution of the par- 
ticle from Q to P. This reaction 
) will he exactly equal and opposite 
to the force vibration through the 
diameter which created the elastic 
strain in tlie surrounding medium, 
and therefore the particle at P, oscillating between the walla, 
will perform simple harmonic motion between P and Q. 

We may consider that the particle in its oscillations does 
not actually come in contact with the material substance of 
the walls, but is only reacted upon by the ether strata lying 
against the walls, for which the walla serve as a rigid back- 
ground. And we may consider that when the particle P 
strikes the wall at M and is reflected back toward N it will 
cause a particle at M to vibrate and on the return oscillation 
of the latter will start a wave following P toward N, so that 
when P strikes N and starts back by reflection toward M, !( 
will meet the similar new wave from M. 
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On Uut principle stated in section 60, the particle mui 
thea perform aunple harmonic motion iu PQ. But the i 
fortes which make the particle vibrate in PQ are the forces 
SP and S'Q operating alternately, representing the poten- 
tial energy stored up in the surrounding medium on the pre- , 
ceding revolution of the particle in the circle. 

It is apparent that the particle oscillating between the 
walls will be performing simple harmonic motion between P J 
and Q. and that these oscillations will be giving off wavM I 
alternately in the direction PS and QS. It is also apparent I 
that the small oscillations at right angles to the walls will he ' 
giving off through the tourmaline plate, alternate vibrations 
at right angles to PQ, and represented by the small parallel 
arrows. 

Now, before the revolving particle passed into the tourma- 
line plate, the reaction of the surrounding medium was from 
aJI sides directed toward the centre of the circle. After the 
pamage of tlie particle into the tourmaline plate, the only 
Unc« of force from the surrounding medium, operating on the 
particle, are in the one diameter PQ, being the two alternat- 
ing tonva SP and S'Q, and at right angles to PQ are the 
small vibrations reacting against the walls AB and CD. 

When the ray has passed through the tourmaline plate, 
the same figure may represent the wave front just emerging 
from the plate. 

There are no forces to change the reaction forces operating 
transversely and at right angles to the direction of the ray, 
hack into forces operating toward the centre, and therefore 
the ray must continue to progress as a plane polarized ray. 
Now we have seen that while vibrating between P and Q 
thi! particle is perfonuing simple harmonic motion in PQ. 
It must not be overlooked, however, tbat while the particle is 
making one complete vibration from P to Q and return, that 
the wave has progressed through one complete wave-length ; 
the path of the particle is therefore a perfect sinusoid curve 
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formed precisely as illustrated for water waves in Section 49. 
The conclusion is irresistible that the particle in the polarized 
ray is in circular revolution in the plane passed through PQ 
and the line of progression of the ray. In other words it is 
behaving precisely lihe the amber particle examined by the 
Webers (Sec. 43) in the water-wave behaved, and the profile 
of the polarized ray would be the same as the profile of a 
water-wave. 

What we have really accomplished by polarizing the ray 
ia therefore the change of the direction of the plane in which 
the particle is revolving, from a position perpendicular to the 
line of progression of the ray, to a position coinciding with 
the line of progression. The first position is illustrated by 
A'B'C'D' and the second by ABCD ( Fig. 10, sec. 45) . 

The vibration taking place in a plane polarized ray is gen- 
erally stated to be in a straight line perpendicular to the 
direction of the ray. This is perfectly true if we are con- 
sidering not the actual path of the particle, but the direction 
of the operating forces which cause the vibration, as in the 
caae of the operation of gravity in maintaining water waves. 

After polarization the theoretical particle performs simple 
harmonic motion in a line perpendicular to the line of pro- 
gression, and at the same time the perpendicular line moves 
forward parallel to itself, causing the theoretical particle in 
its up and down motion to describe the sinusoidal curve. 
The mathematical inferences to be drawn from Fourier's 
Theorem (sec 49) leave us no other conclusion than that the 
actual motion of the particle in the simplest form of plane 
polarized light is in a circle the plane of which coinoi 
with the line of progression of the ray. 

In other words, the motion in a plane polarized i 
practically the same as that in a water wave. 

64. All Forces Act through Impulses.— Professor < 
(Phyacs, sec. 54) has said : 

"When a force acts on a body for an inappreciably a 
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me, and yet sensibly changes its velocity, it is termed 
timstantaneous or impulsive force. Such a force is called into 
I play when one body strikes against another. A force of this 
I character ia nothing but a finite though a very large force, 
acting for a time bo short, its duration ia nearly, or quite, 
iosensible." 

Professor W. Watson {Physics, sec. 62) says: 
' ' In certain cases, the force acts for so short a time that we 
are nnable, either to measure its magnitude, or the time dur- 
ing which it acta. . . . Forces of short duration, as for ex- 
ample, that exerted by a blow of a hammer, were originally 
called impulsive forces; and it was in this connection that 
the term impulse was originally used. There is, however, 
DO easantial difference between such a force and forces which 
last for a longer interval, the only distinction being that in 
the one caee, from lack of experimental means, we are unable 
to make the necessary measurements. The term impulse 
therefore, now used in the more general sense, as applicable 
th« product of any force into its time of action," 

Professor W. F. Magie (Elements of Theoretical Physics, 
p. 6) says: 

"In the theory of motion we use the word force to desig- 
nate the causes known or unknown, of a change in the motion 
of a body. If a body at rest is set in motion, or if a moving 
body comes to rest, these changes are ascribed to the action 
of force. If the change is sudden, the force acting on the 
body is called an instantaneous force or impulse. Close ex- 
_am*nation shows, however, that finite changes in the motion 
f a bcdy are never instantaneous, but occur only in finite, 

Tbia may, in many cases, be very small." 
We may consider, therefore, that the application of any' 
Uputsive force to a body consists of a bombardment by a 
IDceesiion of small impulses rapidly succeeding each other, 
md the whole occurring in such a short period of time as to 
^pear instantaneous. That all forces act by vibrations oe. 
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minute impulses has long been recognized. Later on we shall 
endeavor to show that there is a fundamental heart-throb or 
pulse of the universe, which regulates the minute pulses in 
all forces, and to show its origin. At present we are dealing 
with the proposition as an empirical fact. 

Because of the above facts, the ordinary method adopted 
to represent the composition of forces, whether by the graphic 
treatment or by mathematical equations, while it may accu- 
rately describe the path of the particle and the final resultant 
position of the particle, fails to wholly account for the vibra- 
tory energy created by the conversion of a large part of the 
rectilinear motion into vibratory motion, when there is a 
composition of forces. Thus if a force of 5 units is oper- 
ating in one direction, and another force of 3 units is oper- 
ating on the same particle in the opposite direction, we say 
they are equivalent to a force of 5^ — 3 = 2 units of force 
operating in the first direction. We mean by that the parti- 
cle would move from its first position, in the direction im- 
pelled by the greater force, and behave as if it were acted 
upon only by a force of 2 units. This is all that composition 
of forces gives us, but it does not speak the full event. It 
makes 3 of the greater units of force annihilate the 3 unita 
of force operating in the opposite direction. Now force 
resents energy, and eneryy is never destroyed. 
We may illustrate what has happened in this way : 
Let P (Fig. 17) be a particle operated on by two foi 
each composed of three units of force, acting in opposite di- 
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rections. The unit D coming in contact with the particle 
first, will impart its energy to it — moving it to E, when I 
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unit E comiiig in contact with it, will move it back to A, I 
by which time the unit F wilt have moved into the space AD J 
and will move the particle back to G, etc. 

In other words, the impalscs acting successively will give 1 
the particle s vibratory motion in the space AE. In thia ] 
vibration the energy apparently destroyed as linear motion I 
is Btored as vibratory energy, 

65. Composition Force Lines. — By an arrangement of { 
two plane mirror surfaces so placed that the angle between 
them was very nearly 180°, upon which two rays of light, 
proceeding from a point of the same luminous source, were J 
allowed to fall and be reflected to a screen, Fresnel, by hisv 
famous experiment, demonstrated that two simdar light I 
waves progressing in the same direction — but the one, pro- • 
ceeding a half-wave length behind the otlier, so that the 
troagh of one coincided with the crest of the other — would 

Itiduce interference, the composition of the two light rays 
«uch opposite phases producing darkness. 
A pair of plane polarized rays in opposite phases can be I 
ide to interfere in the same way, provided they are polar- 
td in the same plane. 
The composition of the displacementa in such case is ei- 
Bined in section 53, and illustrated in Plate I, Figure C, 
where the revolution of the particle is taking place in a plane 
passing through the line of progression, and it is shown that 
i path of the particle in such case is no longer a wav6 
•ve, bat becomes a straight line. 
P'Kow we know in general, that a composition of two waves 
ling in the same direction does not increase the 
velocity of progression. We know also that no energy is 
ever destroyed, and since we know that the vibration of the 
particl*^ up and down represents energy, the question is, what 
hxK become of that energy, when on composition of the two 
waves in opposite phases, the displacements above and below 
) line of prc^ression have disappeared? 



76 



THE DNIVEBSE AND THE ATOM 



I 



The answer Ja found in the fact that no force ever acts in- 
Btantaneously, bnt only appears to do bo. It is well estab- 
Uahed that all forces act in successive impulses, although the 
time between two successive impulses may be so short as to 
defy our detection or measuremeot. 

The force which, in a given time, would displace a particle 
upward through a certain distance, is made up of a large 
number, of impulses, and if there be a similar force simul- 
taneously operating in the opposite direction, which would 
give the same particle an equal displacement downward, an 
upward and then a downward impulse operates alternately 
as one beat, through an extremely short space of time, com- 
pared with the time required to accomplish a full wave dis- 
placement. The result is that the particle makes many very 
short alternate oscillations up and down, at right angles to 
the line of progression, during the time which would have 
iseen required for a full wave displacemeut. Yet these oscil- 
lations are so exceedingly small that for all practical opera- 
tions the motion of the particle may be considered as being 
coniined to the line of progression, which thus becomes a. 
force line. Nevertheless, the rapidity of these minute oscilla- 
tions must be such that there would be as much energy ex- 
pressed thereby, in the given time, as would be involved in 
the full displacement up and down in such time, had there 
been no composition, and each force had acted separately. 
This follows because no energy can be destroyed. 

66. If we have a great number of such pairs of waves — 
such as water waves or polarized light waves in the same 
plane — proceeding in the same direction, in the line of pro- 
gression, the waves of each pair being in opposite phases, as 
illustrated in Figure 18, it is evident, since the composition 
of the two waves of each pair would give a force line, that 
the composition of all of them would give the force-line 
AB. We would uuderstand, however, that this force-line has 
a certain minute breadth, and that intense OBcillationa i 
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tli« particle ar« taldng place in it as illustrated. Such t 
force line would carry very much more enegy than i 
of the eingle visible waves which entered iuto its composi^ 
tkm. 




67, If we were dealing with the compoBition of two ordi- 
nary light waves proceeding with the same velocity in the 
aame direction, in which the particles are revolving with the 
game angular velocity, in circles at right angles to the Une 
of progreaaion, and the direction of revolution being the same, 
bnt the difference in the phasea of the two waves being 180", 
the composition would be made of the motions in the circle as 
explained in section 59. There would be theoretically no 
displacement of the particle from the centre of the circle, 
but practically, taking into consideration the principle of 
impulses as before, the particle would revolve in a minute 
eirele around the same centre, and its path would be a minuta^ 
ipiral around the axis of progression. The composition vsvt 
would be an invisible force-ray. 

The foregoing considerations lead to the conclusion that h 
we bad a light ray composed of any number of waves paired 
in opposite phases, and of an additional unpaired wave, i 
of a number of unpaired waves, tlie visibility of the i 
would be due entirely to the latter, while the bulk of t 
energy conveyed would be in the force rays. We are furthsl 

1 to conclude that two rays, even of the same wave length 
r have the same visual intensities and yet tbe intensitid 
xiergies carried may be difTerent. These two kinds 
■ are quite difTcrent. 
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If, in the composition above referred to, the particles were 
revolving in tlie opposite directions, we would liave the cases 
illustrated in section 60, one special case of which results iu 
the plane polarized ray, and another gives an elliptical orbit. 

68. We are thus led to the conclusion that the invisible 
composition force rays are in fact light waves in which the 
amplitude of the vibration is reduced to a minute size, with 
a corresponding increase in the rapidity of vibration. And 
since in the ordinary light wave, the transverse vibrations 
taking place send oS through the surrounding medium minute 
waves in planes at right angles to the line of progression, the 
same thing must be true in regard to the invisible force rays, 
except that the waves sent oflf iu planes at right angles to the 
force line must be still more minute. 

If therefore the ether medium, in order to transmit ordi- 
nary light wave vibrations in straight Hues for millions of 
miles, requires us to conclude with Maxwell, that it is or- 
ganized in vortex particles of extremely uniform and definite 
size, there must exist in the medium, lower orders of i>ortex 
centres, or a succession of lower orders of vortex particles, 
whose magnitudes range from the size involved in ordinary 
light wave motion, down to zero, in order that the miniature 
wave motion of the force lines may be carried on. 

A proper conception of the origin, character and functions 
of the composition force lines is a key which ought to unlock 
the outer door to the mysteries of the physical universe. .■ 
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G9. Circularly and Elliptically Polarized Light. — Sappoae 
we have a pendulum (Fig. 20) suspended by a fine thread 
from the fixed point A and swinging thnnigh tlie sraaU arc 
[ PBQ. If, when at its lowest position B it re- 
tcires a blow at right angles to the direction 
ypf its motJou, it will then as a result of the 
wfflpoaitioD of velocities, vibrate in a new arc 
"Q* inclined at a certain angle to tlie arc PQ 
a which it was at first vibrating. If the blow 
Diunicated a velocity equal to that with 
ht bob was moving when passing through B, 
e angle of inclination PBP' would be 45 degrees. 
Again, we may suppose the blow to be struck when the - 
bob is at its highest point P or Q, the blow 
being just sufficient to communicate a veloe- 
ity V equal to the velocity of the bob whea 
at B. The bob will then describe a horizon- 
tal circle, as illustrated {Fig. 21). So mov- 
ing, it is called a conical pendulum. If the 
blow is struck when the bob is at any other 
point in the art! PQ, the bob will describe an 
ellipse. 

70. "We have already referred to the fact, that by FresnelV 
Jiod, two plane polarized rays of light, when polarized ll 
B plane, can be made to interfere, as in the case (rf 





Figure 



' 80 



THE UNIVEESE AND THE ATOM 



r 



common light, but that two rays polarized in planes at 
angles do not produce interference under the circumstani 
in which two rays of ordinary light would interfere. In 
the latter ease, however, certain other phenomena take place, 
which are of importance. 

As already seen, in the case of plane polarized light {if we 
ignore the progression of the ray ) , the particles are vibrating 
in straight lines at right angles to the line of progression of 
the ray; in that respect its movement is like the swing of a 
simple pendulum — to and fro — except that the bob of the lat- 
ter moves in an arc, while the particle moves in a straight 
line. 

Now suppose that two rays of light, polarized respectively 
in perpendicular planes, be made to coincide. Where the 
lines of vibration cross each other, the same particle would 
be acted upon by forces operating at right angles to each 
other, and we have the same three eases which arise in the 
case of the pendulum. 1st, If the vibrations are in the same 
or opposite phases, the light resulting from the composition is 
still plane polarized. 2nd. If the rays are of equal inten- 
sity, and their phases differ by 90°, or quarter of a complete 
vibration, the resulting path of the particle is a circle, and 
it is called circularly polarized light, 3rd, Under any 
circumstances of coincidence, the resultant path of the 
tide is an ellipse, and the light is said to be elliptically 



e, and 
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Circularly polarized light has been obtained from plane 
polarized light in this way. In the ease of circularly polar- 
ized light the revolution of the particle is in a plane at right 
angles to the line of progression, (The above as after Ganot.) 

71. Plane polarized light may be produced in other ways 
beside those hereinbefore mentioned. It is produced in more 
or less large qauntities when ordinary light is re8epted from 
any surface, but is at a maximum when the ray incident to 
the surface makes a certain angle to the surface, which a 
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varies according to the material of which the surface is com- ] 
powd. This angle is called the polarizing angle of the par- 
ticnlar subatance. We have an evidence of polarization when 
we allow light to fall obliquely on a glossy sheet of writing 
iper, and notice the change in the sheen when the obliquity 
iches the polarizing angle. 

Circularly and elliptically polarized light can also be pro* i 
iced by methods other than those above referred to. All I 
these different forma of tight waves have their own respective | 
peculiarities. 

Following Stokes and Verdet, Lord Rayleigh in his mathe- 
matical treatment of the "Wave Theory of Light" (Encyc. 
Brit., 9th ed.) shows that, in general, a stream of light may 
rcgai^^ IIS composed of one stream of natural light, and 
another stream of polarized light, the polarized rays being j 
icp etliptically, circularly or plane polarized. 
Natural light being made up of the composition of a great 
[mber of rays from an infinite number of luminous points, 
as Lord Rayleigh points out, essentially irregular, and 
resultant vibration lacking periodicity. Absolutely ho- 
■neous light is necessarily elliptically polarized. Cireo- | 
■ly polarized and plane polarized light are special cases of I 
iptically polarized light. 

Professor Tail, in his article on "Light" (Eney. Brit., 9th 
>, says: 

The fact that where homogeneous light is used, Newton's 

igs have been counted up to the 7000th, shows that what- 

r be the actual nature of the vibrations of unpolarized 

;hl, they must for at least 7000 waves in succession be almost 

pnemely similar to one another. Then for other 7000 waves 

or ao, we may have a totally different type of vibration. But 

in the course of f ih of a second at the utmost, vibrations must 

luvo be^n almost uniformly distributed over all directions 

perpendicular to the ray." 

The fact that no train of waves of natural light is con- 
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tiDuons except for very short intervals, and that such rays 
are compositions of light from many independent sources, 
makes it impossible to look into its details otherwise tliaa 
through the law of average and mean results on the theory of 
probabilities. However, in the light wave in its aimpleet 
circular form, and in elUptically, circularly or plane polar- 
ized light, present in general, in every light stream, we have 
the types of motion with which we have to deal, 

72. The Formation of Circularly or ElUptically Polarized 
Light, from Intersecting Plane Polarized Light, Is the 
Creation of a Traveling Vortex Centre. — Let ua suppose 
that two plane polarized light rays are proceeding eoin- 
P cidently in the same direc- 

tion perpendicular to the 
plane of the paper, and that 
the two rays are polarized in 
planes at right angles to each 
other. The vibrations will 
^ be taking place at right 
angles to each other as in 
ABand CD (Fig. 22). 

Now if we consider the vi- 
brations taking place in AB 
to and fro, there are force 
rays passing through al- 
ternately in opposite direc- 
tions. But the same thing may be said because of the 
alternate vibrations in CD through 0. That point is there- 
fore a force centre. 

Vfe have already seen (see. 70) that the effect of the compo- 
sition of the two rays polarized in planes at right angles to 
each other, is to set all particles which meet each other at the 
crossing and which are in phases, differing by oDc quarter of 
vibration, to revolving in a circle. In other words, the r©. 
snitant path of the particle due to the two motions atl 
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u^es, is tbe circle ADBC. But in order that the partial 
nay desciibe the circular path ADBC, tbe reaction of 1 
elastic medium stuTouudiDg the circle must be directed toward 
the centre O, and since action and reaction are equal and in 
opposite directions, there must he force lines radiating into 
sp«ce from in every direction. 

Wb may, therefore, regard the mecbaoism for tbe produe- 
ion of circularly polarized light as tbe instmmentBlity by 
fcich energy, proceeding in force lines of magnitude, crossing 
Kb other at right angles, is converted into circular motion, 
tod the energy is distributed into force lines radiating in, . 
every direction from the force centre. 

The same thing would be true in regard to ellipticallyl 
polarized light, only tbe distribution of the radiations woul4l 
not be quite ao sj-mmetrical. 

73. la the foregoing illustrations, we supposed that th«J 
two plane polarized rays brought into composition were * 
proce^ing in the same direction, the consequence of which 
wonld be ibat the revolving wheel is carried forward as the 
^^Vy progresses through space. But if the two plane polarized ■ 
^^bf s are proceeding in opposite directions, tlien on the prin>J 
^^fcfea heretofore stated (sees. 55-d&) the light waves becomaS 
^^Hationary waves, and the revolving wheel does not progresSfl 
^^Btt remains stationary so long as the same trains of rays a 
^Hnceeding in opposite directions. 
^^" The phenomena of circularly and elliptically polarized ' 
light are important as illustrating one way, at least, in which 
a rotation not previously existing can be experimentally set 
^^p in thr ether medium as it actually is constituted. 
^B 74. Particles of the First, Second, Third and Successive 
^^Hrders. — Let us now consider tbe mechanism by which a wave 
^^■carried forward through the ether medium. For simplicity 
^^■p will take the case of circularly polarized light. 
^^Blo tiw first place we have a particle revolviug around the 
^^TOrtilinear line of progression of the wave in a circle at thej 
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dascBMe M a putkfe of tbe nm Order. 

Kow, a li^ wmve, wkBe cnfiaarfly ptngj Lwiiig is a 
■traigbt Uoe, eso be nnde to tnrd a a e uniJ palk. We 
alio know that the ndiaa of tlie oitlr at Ibe fraot of aana 
lif^ waves m ray laice eoaipared viA tbal of ocbo- figjkt 
ward. In fact, the radii <«mptitDde) of nme liglit v fbne 
ware* are to Bnall. that the raji are invisible. The amfd^ 
tuda of aome nyw, mefa aa X-nja, bm> down to Ae infinites- 
nal. What then mtut be the ratore of the partide which ia 
nmAnog in the eirmmfamee of the particle of the Flnt 
Order f It eao be oothioe else than a nnaUer particle reTotv- 
ing to a eircle of amali radim, arotuid the cirenmference of 
the particle of the First Order as an axi&. sDd for vhirh that 
ciremnfereDce in the line of progression, aroood which it 
traveraea a ipiral path. In other words it is a minnte light 
wave which we designate as a force ware, having a Hmall 
"wheel" at the froot, which we may denominate a particle 
of the Second Order. If the principal light ware w»e not 
profrrening, that i« to say, if the particle of the First Order 
were a atatioiiary wave, then the path of the particle of the 
Second Order would be the circular rim of the particle of the 
Finrt Order, 

A particle of the Finit Order having a radios B, may 
therefore be considered a8 formed by a light or force wave 
traveling in it* circumference with a circular wave front 
conipoMcd of B particle of the Second Order havij^ a smaller 
radiufl r,. 

The particle of the Second Order must be considered as 
formed by a force wave traveling in its circumference, with 
a circular wave front componed of a still smaller partidi 
the Third Order having a still smaller radius r^. 

Similarly there must he a particle of the Fourth i 
etc., etc., down to the iofiiittesimal. 
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It is Dot Qecessaiy, however, that we should concludal 
tfaat there must be an unlimited number of orders of parti--! 
elcs in which the radius of the final particle is zero. Thai 
limit may be, instead of circular motion, a small rectilinear I 
vibrBtion, as is the case of the limiting motious ot thai 
ptmicles at the bottom of water waves in shallow wat«r.I 
(Sec. a.) 

We have discussed the question as if there were but ona 1 
particle of the Second Order revolving in the circumference 
of the particle of the First Order. There might be more 
than one, as in a light wave train. That is unimportant for 
the purposes of our present discussion. 

For the purpose of illustrating the above discussion, let I 
the lai^e circle ABCDEF, Figure 23, represent the circular 1 
orbit of the particle of the First Order, as for instance the I 
circular orbit in the wave front of a ray of circularly polar^ ] 
ized light, the line of progression ot the light ray being per- 
pendicular at to the plane of the paper in which the large 
circle lies. 

The neit smaller eirclea MN, M'N', etc., represent particles 
of the Second Order whose centres revolve in the orbit ^ 
ABCDEP. 

The circles MN, M'N'. etc., lie in planes perpendicular 1 
to the plane of the paper, and the traces of these planes 1 
intersect at 0. The revolution of the particles MN, M'N', 
I the orbit ABCDEF carves out the rim of the par- 
ole of the First Order. The small circles KL, K'L', etc., 
present the particles of the Third Order, The centre 
I of the particle KL revolves in the circumference of 
It will be observed that twice during a complete 
iTOtotiOD of S in MN, the particle KL is brought into 
) plane of the paper, i.e., into the plane of the particle 
C the First Order. While the centre A of the particle of 
Order is revolving around the circumference 
FEDCB of the particle of the First Order, the centre S j 
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of the partide of the Third Order describes ihe spiral path 
illustrated at the side of the Sigure. We must conceive that^ 




Figure 23 

for precisely similar reasons, the centre of the particle of 
the Fourth Order describes a spiral path of smaller amplitude 
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IMund the circumference MN of the particle of the Se 
er, etc., etc., down to the infinitesimal. 
The foregoing analysis of what must be the Btrueture of' 
ether particle or particles involved in wave motion, 
ical deduction by the writer from what is the generally 
iceptod wave theory of light. To one accepting the wave 
iry of light as developed by the master minds of the last 
tury, there should be no difBculty in conceding this, since 
lat we are now calling by the name "particles," consists 
^rely of travelmg "vortex centres'* or "eddies" caused by 
circular motion set np in the ultimate substance. Naturally, 
as in the ease of waler eddies, they would vary in size ac- 
cording to the amount of energy involved in their motion. 
Lter on we will have reason to conclude that there is a stand- 
normal size for the vortex particles involved in the ether 
icture, and that these fix the standard sizes of the suc- 
cessive lower orders of particles, as well as higher orders. In- 
deed we will be able in a subsequent chapter to determine the 
exact mathematical relations which must exist between the 
radii of the successive orders of particles in order that the 
automatic action in a wave of any amplitude may be con- 
tinued, and we will be able to demonstrate the correctness of 
our deductions, by their application to certain phenomena, 
with the most astounding results. We must, however, lay the 
foundation for this. 

i. Referring to Figure 23, since the centre S of the parti- 
of the Third Order KL is revolving around the centre A of 
particle of the Second Order, while the centre A is itself 
ing around the centre O of the particle of the First 
ler, we see that the conditions are such that the face JIN 
particli; of the Second Order in contact with the ether 
;iium. will set up a wHirl in the ether, and send off a wave 
the direction AI* tangent to the orbit of the particle of 
First Order. Such waves will be sent off continuously 
wutru travels around its orbit. For similar reasons 
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waves of smaller amplitude will be sent off from S, the 9 
of the particle of the Third Order, and these waves i 
Bent off tangent to MN, the circumference of the particle of 
the Second Order. But these waves will be sent off in the 
plane of MN, and as S revolves the waves will be distributed 
in every direction in that plane. We have already seen that 
this plane will always be perpendicular to the plane of the 
particle of the First Order. For similar reasons there will 
be still smaller waves sent off tangentially to the circum- 
ference of the particle of the Third Order, from the face 
of the particle of the Fourth Order. These minute waves, 
however, will lie in the plane of the first particle of the First 
Order. 

The sonree of the energy which supplies these radiations, 
as well as the nature of the tentripelal forces which operate 
to compel the particles to maintain their circular orbits, are 
subjects which must be treated later. 

76. Let ABCDEF (Fig. 24) be a particle of the First 
Order whose radius is OA. 
The principal radiations 
from the particle will be 
tangential as illustrated in 
the figure. If P be any dis- 
tant point the radiations 
from the particle which 
will reach it, will proceed 
from A. When AP is very 
great compared with OA, 
the practical effect will be 
the same as if the radiatioo 
proceeded from the centre 
O. That is to say, in con- 
sidering the radiation effect 
of a particle at a distance, we may ignore the fact that l^i 
particle has a radius, and regard the radiations as pre 
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from a point or centre of force which distributes the energy 
ruliall.r- 

77. Repulsion of Force Centres — Automatic Arrange- 
ment in Equilateral Triangle Systems. — We know both from 
theory and experiment that rays of light exert a pressure in 
the direction of propagation. Blaswell predicted it from 
mathematical considerations, and Lebedew and subsequently 
Nichols and Hull verified the fact in the case of sunlight. 
The pressure of sunlight on the whole of the earth's surface 
was shown to be about 70,000 tons; a very small amount 
of pressure indeed, but existing and measureable. As we 
have already seen, every force line is a diminutive light ray. T 
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Figure 25 



Therefore every force line radiated from a force centre e 
erta a pressure in the direction of radiation, and this t 
consist of minute bombardments of the sraali waves of v 
they are composed. Now let us suppose that we have three 
such force centres A, B and C situate in the same plane and 
in the same straight line ABC (Fig. 25). 

It is obvious that the force rays from A operating o 

particles of the Second Order revolving in the circle aroum 

FJ, and vice versa, will make the force centres act repulsively 

toward each other, and tend to drive them apart. This would 

be true, because if the particles of the Second Order are held 

evolution in a circle of given radius, by the elastic reaction 

the surrounding medium, an additional pressure against 

particle* of the Second Order would shorten the radius of 

revolutioti, tinlesa the centre of the particle of the J 
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Order responded and moved back ; motion of the centre being 
necessary in order to preserve the circular shape and balance 
of forces maintaining the integrity of the particle of the 
First Order. 

Since the radiations from a centre in all direetiona in a 
plane spread over a larger circumference as they proceed out- 
ward from the centre, and circumferences are proportional 
to their respective radii, the intensity of the radiation for 
the unit surface on which it falls decreases with the dis- 
tance, and therefore two particles will repel each other 
with a force which decreases with the distance the particlea 
are placed apart. 

We may reserve the question for the present as to whether 
the repulsion is inversely as the distance or inversely as the 
square of the distance. If we were dealing with energy dis- 
tributed radially in one plane only as above illustrated, the 
repulsion would be inversely as the distance. If we take into 
consideration that the energy radiated from the centre of the 
particle of the First Order passes to the centre of the particle 
of the Second Order, and is there again distributed by the 
revolution of tliat particle in a plane at right angles to the 
plane of the particle of the First Order, the decrease of 
energy in the plane of the particle of the First Order at any 
point exterior to the particle of the Second Order will be in- 
versely as the square of the distance. This subject will be 
explained more fully later. The point we are at present deal- 
ing with is simply to show that two particles of the same 
order in the same plane must repel each other, and this re- 
pulsion decreases with the distance. 

If now the particles A and C were fixed in position, and 
were of the same repulsive power, tlic particle B would tend 
to move to tlie middle position between A and C. Similarly 
if we had a number of such particles of the First Order of 
equal repulsive power, and confined them to a limited am 
of a plane surface, their mutual repulsions would force If 
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into an equilateral triangle formation. This would be true 
beeanae that formation would enable them to move furthest 
away frcmi each other and reduce the pressure to its lowest 
value consistent with the limited area to which we have sup- 
posed the aiffi^regation of particles to be confined. This propo- 
sitioii 18 of the highest importance and on it depends the 
physical structure of the ether of space, as we shall later 
show. The conclusion we above reach as to the particles 
automatically arranging themselves in equilateral triangle 
formation under the conditions stated, hardly needs a demon- 
stration, but a short geometrical proof for the benefit of those 
to whom it is not self evident is appended. (Appendix, sec. 
197.) 
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CHAPTER Vin 

lOME OF THE THINGS WE CAN DO WITH A KAY 
OF LIGHT WHICH DISCLOSE ITS PHYSICAL 
ATTRIBUTES 



78. Light Compared to an Elastic Hoop. — If we conaider 
only what is taking place at the wave Irout of an advancing 
ray of light, we may regard it in its simplest form as an 
elastic hoop revolving in a plane at right angles to the line of 
ray progression, with its centre in that line. 

Ordinary light also contains plane polarized rays in which 
the revolution of a particle is in a plane coinciding with the 
line of progression ; for all such rays the plane of the "hoop" 
is in the line of progression. 

When this hoop strikes a polished surface it is bounced 
off, so that the angle of reflection equals the angle of incidence, t 
An ordinary material hoop will do the same thing, provided 
it is thrown against the floor properly, but if it is thrown 
so that the plane of the hoop when it strikes the floor a not 
perpendicular to the plane of the floor, it will fall over and 
not be reflected. In the same way, when the hoops of light 
in a ray fall upon a polished surface at the polarizing angle, 
the only ones of them reflected are those in one plane, and we 
get a plane polarized ray. 

In a stationary wave we have the progress of the hoop 
through space arrested. It maintains its position, as an or- 
dinary material hoop would do, should we stand the latter 
up 00 edge on the floor in a balanced position. 

We are in the habit of thinking of a ray of light only a 
a train of waves, and feeling that the continued existeno( 
of any single wave of the train depends upon the connecti 
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has, either with the waves in front or the waves behini 
It there is no such dependence. 

We know that in the ordinary wave, the motion of the 
ive front consists of a revolution in which one side ol 
wheel," like an auger, has a boring effect against the 
c medium. Where two similar waves meet, going 
losite directions, the stationary -wave formed must 
metrical in respect to both its sides. 
rom the phenomena of reflection, and principles already 
lied, we know that the "wheel" can be pushed entirely out 
the line of the ray to which it originally belonged. In 
otiier words, we see that the "wheel" has forces at operation 
within it which give it shape and form, and this shape and 
■m are automatically maintained by the action of such in- 
al forces on the surrounding elastic medium and the r( 
ion of the medium on the "wheel." 

Rotation of a Plane Polarized Ray by Magnetic 
Force.— Faraday discovered that when polarized light passes 
through certain substances in a magnetic field, the plane of 
polarization is rotated through a certain angle. 

If a ray of plane polarized light is passed through a tnhe 
containing water, or better, bisulphide of carbon, around 
which tube there is wound a coil of insulated wire, and if a 
current of electricity is passed through the coil, it is found 
on testing the ray with a Nicol analyzer, after its passage 
through tlie tnbe, that the plane of polarization has been 
rotated through a certain angle. If the direction of the 
rent of electricity is reversed the direction of rotation is 
reversed. 

If the ray of light, after having once passed through th«l 

tube of water, is reflected back along its course, it will ba< 

in rotated in the same direction, as far as the coil is con- 

'd, as during its first passage, that is to say, the rotation 

doableU. 

;Ali is well known, an electric current passing tbrougb 
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the irire of such a coil creates a magnetic field ivitliin the 
F tube. Id which the lines of magoetic force are parallel to 
I the axis of the tube. When the current is passing through 
the wire the effect is as though the medium through which the 
tight is passing were rotated around an axis parallel to the 
lines of force, and carrying with it the plane of vibration. 
The explanation generally suggested for this (Maxwell and 
Lord Kelvin) is that the ether is actuated by circular or 
vortical motioD, all in the same direction, and in planes at 
right angles to the lines of magnetic force, and this would 
account for the rotational effects of the magnetic field upon 
the plane of polarized light. 

Verdet has found, in general, that if ^ is the angle of rota- 
tion of the plane, L the length of the medium traversed by 
the light, n the strength of the magnetic field, and j a con- 
stant, dependent upon the nature of the medium and the 
wave-length of light employed, then 

^ = j L H. 

From which it would appear that the size of the angle 
of rotation for a single passage of a ray through the tube, 
other things being constant, depends upon the strength of 
the magnetic field. 

The reaearchea of Kundt indicate, however, that the angle 
of rotation does not increase so rapidly as the magnetic force, 
and that as the latter increases, the angle of rotation reacLes 
a maximum, indicating that tlie rotation is proportional to 
the intensity of magnetization, and not to the magnetic foree. 

80. Let us now analyze the nature of the mechanism called 
into action by the rotation of the plane polarized ray, as de- 
acrihed in the preceding section. 

We have already seen (sec. 63) that the motion taking 
place in a plane polarized ray is constituted by the revolu- 
tion of a particle (or particles) in a circle tlie plane of v 
the line of progression of the ray. 
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Let ABCD (Pig. 26) be the cross section of the tube aroand'^ 
which the coU is wound, through which the current of elec- 
tricity is to be passed. This cross section is in the plane of 
the paper. PQ, MN, RS, etc., are the parallel planes in 
which the plane polarized rays are proceeding through the 
ibe parallel to the axis of the cylinder. The particular ray 
Ltling perpen- 

^ dicular to the plane of 
the pnper at J, will be 
n^presented by the 
revolution of a small 
particle in the circle 
KL. The plane of 
this small circle will / 
lie in the plane MN, 
auil be perpendicular 
to ihe plane of the 
paper. For perspi- 
cacity we have repre- 
sented it as a small 
oval, although in a 
rtrictly correct draw- 
ing we would see it 
only edgewise and the circular shape would not show. 

When the current passes through the coil, the planes of I 
the polarized rays which are passing through the tube i 
the parallel planes MN, PQ, RS, etc., are shown to have beeo J 
rotated, through the angle MOY, since the Nicoi analyzerl 
shows that it must be shifted through that angle, in order that;! 
the rays may pass through the Nicol. The particular ray at! 
J repre«ented by the small particle revolving in the circlal 
KL is .shifted to the plane M'N'. The circle KL has actuallyl 
been r^volvird about an axis at a point 0', and with radiusi 
O'J into the new position K'L' ; and if a sufiident magnetiol 

rJurvf! is applied, and the length of the tube be su61cient, it) 
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can be made to perform a complete revolution about 0', 
and continue to so revolve. We have tiierciore the circular 
motion in the circle KL, of which our ray iB constituted, 
performing the functions of a particle of the Second Order 
in respeet to the newly created particle of the First Order 
constituted by the revolution of the particle of the Second 
Order around the centre 0'. 

Similarly if there be another polarized ray proceeding 
perpendicular to the plane of the paper at x, the small 
"wheel" of which it is composed, is revolved around the 
centre 0" to the position %', and as in tlie other case t 
"wheel" becomes a particle of the Second Order in i 
to the particle of the First Order whose centre is 0". 

On principle, if we had two similar polarized rays 
ceeding in opposite directions, bo as to form stationary waves, 
and a sufBcient magnetic field be applied, the result ought 
to be tie creation of an independent particle of the First 
Order not in flight, and which should possess, as we shall 
later see, tlie essential qualities of an atom. We do not in- 
tend to anticipate here, but attention is called to the fact 
that the essential principle demonstrated experimentally hy 
the phenomenon of electric rotation of the plane of the polar- 
ized ray, is that the revolution of the particle of the Second 
Order as illustrated in Figure 23, and described in section 
74, can be set up and maintained by natural forces, and the 
particle of the First Order can be so created and main- 
tained. The phenomenon is an experimental demonstration 
that we can by an appropriate application of forces, take one 
"wheel" out of a ray of light, and treating this wheel as 
a particle, make it as a whole revolve around an exterior axis 
as illustrated in Figure 23, Bectiou 74, without destroying 
the autonomy or automatic maintenance of the "wheel." 

81. The power of rotating the plane of polarization in a 
magnetic field has been shown to be possessed by all refract- 
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sabstances, whether they are in the solid, liquid or gaseoiv 
e. 

•2. The Kerr Effect.— John Kerr found that if plai 

wlarized light is reflected froni the polished pole of a. strong 

"magnet, the plane of polarization is rotated. The direction 

of rotation being clockwise, when the light is reflected from 

B north pole, that is, in the opposite direction to that in which 

a current would have to flow round a coil so as to produce 

the magnetization of the magaet. 

^ 83. These phenomena show that the revolving "hoop" of' 

H^diefat may bore its way through space for millions of miles 

^^■■rithoat having its autonomy destroyed. It may be stopped 

^^Hnd made to stand still. It may be bouneed, like an ordinary 

^^Bionp from a surface, and Anally, in the form of the polarized 

^^Knj', the hoop may be made to act as a particle, and be made 

^^no rotate around an external point as a centre of revolu- 

, tioo. Under all these circumstances, the revolution of the 

particles in the hoop, and the vibrations taking place radially 

from the centre, are sending off waves through the elastic 

mediam, and it is the reaction of the elastic medium which _ 

preserves the hoop as a conservative system. 
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84. We are all familiar with the fact that when a i 
sunlight is allowed to pass through a glBs§ prism, the light i 
diaperaed, and if it is allowed to fall and be spread over a 
surface it forms what is called a spectrum, exhibiting all the 
colors of the raiobow. We know that this effect is due to 
the fact that ordinary white light is composed of a number of 
primary rays of different wave lengths, which causes them 
to be ooequally refracted or bent out of the straight course 
in passing into and out of the prism. 

The visible rays rauge through the primary colors red, 
orange, yellow, green, blue, indigo and violet. As these col- 
ors shade off into each other without any precise line of 
demarcation, so the wave length of the light waves represented 
by the colors decreases in length from the bright red colors 
down to the violet. By photography it has been demonstrated 
that there are in ordinary beams of white light other rays 
which are invisible, some of which have wave-lengths longer 
than the red rays, and some having wave-lengths shorter than 
the violet. Our eyes are so constituted, however, tiiat they 
are affected only by light waves having wave-lengtha not 
greater than the red nor less than those of the violet rays. 
The defect of our eyesight is such that it may be compared 
with the defect of the hearing of a persou wlio is so deaf 
that he can only hear the notes proceeding from the keys of 
one octave of a piano, although he may kuow in other ■s 
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:l!ut there are note« of a higher aod of a lower pitch than I 
tlia»e he hears. 

By a combination of prisma suitably arranged (the spectro- 
scope) scientists have been enabled to separate the rays of 
light composing white light with great precision, and to study i 
in detail the spectra of light proceeding from different kinds! 
of luminous bodies. 

85, Fraunhofer's Lines.— When light given out by glowinjf J 
gases or vapors is examined in the spectroscope, the spec- 
tnim produced is found not to be continuous, but to consist of I 
a number of bright lines in various parts of the spectrum. 

Fraunhofer, a celebrated optician of Munich, first studied I 
tbeee lines, and they bear his name. The position and num- 
ber of these lines vary for the different chemical elementa J 
in the luminous gas or vapor which is emitting the rays. The 1 
□amber of lines visible with any given metal depends, to 8 ' 
certain extent, on the temperature of the flame, but although 
new lines may make their appearance as the temperature ia 
raised, the position of the lines already present in the spec- 
trum does not vary. 

It was demonstrated that each of the chemical elements I 
had its own series of lines, which are peculiar to that element. 4 
When strong white light is passed tlirough an incandescent | 
gas or vapor composed of any particular element, and the I 
transmitted light ia examined in the spectroscope, it is found * 
^■tet dark lines or dark bauds appear in the spectrum just 
^^Aere bright lines would have appeared if the light had pro- 
^^Beded alone from the incandescent gas or vapor composed 
^^M the partienlar element or elements which give those lines. 
This is generally explained on the principle that bodies 
absorb most strongly that kind of vibratory motion which 
:|ii'y are themselves capable of giving out. We think it mayj 
ilso be explained on the principle of composition, and wil 
r<efer to this later on. 
[_Thfi fact that each chemical element has its own series utm 
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Fraonhofer lines has enabled the scientist through an ex- 
amination of the light from those sourcea to determine the 
chemical elements existing in the Sun and even in distant 
stare. It has furnished a method of determining the chemical 
composition of substances known as spectral analysis. In- 
deed, it has led to the discovery of many new elements of 
the existence of which we had no previous knowledge. 
Helium, for instance, was known to exist in the Sun before 
any of it was ever found on the Earth. 

86. The Hydrogen Spectrum. — There are 29 known 
Fraunhofer lines in the speclrum of the hydrogen atom. 
The wave-lengths of the waves proceeding from lumiuouB hy- 
drogen gas have been measured at each of these lines iu the 
spectrum. 

Balmer in 1885 discovered that there is a certain curious re- 
lation exiatiug between the wave-lengths expressed in centi- 
metres for the series of hydrogen lines, which is given 
close approximation by the formula 

where h is a constant which Balmer took to he 3645, 

By substituting in the formula for h the value 3645, 
for R, successively the numbers 3, 4, 5, 6, etc., etc., there 
were obtained successive values of X for the successive lines 
of the hydrogen spectrum, which agreed in a most surprising 
way with those actually measured. Proof was thus furnished 
that the wave-lengths of the respective ra>-8 corresponding lo 
the hydrogen lines are functions of successive whole numbers, 
that is to say, the lines of the hydrogen spectnim form a 
series, and the wave-lengths of any line can be expressed as 
a simple function of its number in the series. 

The following wave-length measurements of the hydl 
lines, obtained by Evershed [Phil. Trans. 197 A 381 {'. 
and 201 A 457 (1903)] from photographs of the solar 
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approaches unity, and therefore when R is very 
A = h = 3646.13. 

It will be seen from the above table, that as we advance 
in the Bcries towards the ultra-violet, the values of the wave- 
lengths approach nearer and nearer to an equality until the 
theoretical limit is reached. 

The agreement between the calculated and observed values 
is wonderfully close. 

This formula by Balmer was derived entirely by trial from 
the observed wave-lengths of the first fifteen lines of the 
hydrogen series. It has so far been regarded as entirely an 
empirical formula which expresses a fact, without any one 
being able to state why the relation expressed by the formula 
should exist. 

As the number of hydrogen lines was extended into the 
ultra-violet from their discovery in the stars, in the solar 
prominences aud in the "flash" spectrum, and as their wave- 
lengths were better determined, the greater verity has been , 
given to Balmer 's forrawla. 

We shall in a aubsetiuent part of our present undertaking 
endeavor to demonstrate that Balmer's formula has for its 
fundamental basis the fact that : 

(a) the ether of space has an isometric, equilateral tri- 
angle structure, and 

(b) the hydrogen atom is composed of a series of particles 
revolving in concentric rings in a plane, the radii of y 
rings running 3, 4, 5, 6, etc., etc., to a certain limit. 

We shall be able to actually derive Balmer's formula 
the calculated light waves sent off from the particles 
ing in these concentric rings. When we do that it will bo 
the supreme test of the correctness of the kinetic theory un- 
derlyiug our present work. We merely anticipate for the 
purpose of emphasizing the importance to be attached to 
Balmer 's formula, as throwing light upon the structure of the 
ether and of the atom. 




balheb's fobmuia 

88. Bydberg, Eayser and Rntige have each by trial worked! 
out fonuulie which express with a cousiderable degree of 
accuracy the wave-lengths which belong to the series of lines 
of other elements besides hydrogen. These formulae have all 
been shown to be substantially the same as Balmer's formula, 
with the constants changed to give the proper results for the 
particular chemical element under consideration. See vol. 
22, Ene. Britanniea, 11 ed., p. 792, and Spectroscopy (Baly- 
Bamsay) p. 561. 

The fact that the wave-lengtha of the spectrum lines, for 

all the elements so far known, conform to Balmer's law, with 

only a change of constants in the formula, is a proof that 

the atoms of all the elements have substantially the same 

-Und of structure, though varying in certain details. 
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THE PAN CYCLE HYPOTHESIS 



Invitible ComposHion Light-viaves, thi Warp and Wm 
tft« Ether-struclure, and of All Things Material, 
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89, The question of the extent of tlie phj^ieal nniven 
tneaniag by that the extent to which matter is distribute 
throughoat Epaoe, while au old one, has been a subject ( 
debate among scientiiits of our own time. 

The argument in favor of the coiitention that there is a 
limit to the distribution of suns and stars in space, advanced 
by the Herachela, and for a long time regarded as unanswer- 
able, is summed up in a popular way by the late Professor 
Simon Newcomb in "Side Lights on Astronomy" (1906), 
and given a new vigor by the allegiance so recently expressed 
iby ibis great scientist. Since it stands in the way of our 
iresent hypothesis, it must be stated and met. 
The argument is this; The Milky Way or Galaxy divides 
the heavens into two parts. It passes as a girdle entirely 
around tlie celestial sphere, catting out a circle on the sky 
Taalt. The centre of this circle is the standpoint of the ob- 
eerver. A line, perpendicular to the plane of the galactic 
circle, and passing through its centre, pierces the celestial 
e in two points which are huown as the galactic poles, 
dividing the aky surface into small squares of equal 
a careful count of visible stars shows there is an ap- 
LTaeuess in the distribution of stars in any square , 
lOA 
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of sky-sarface about either of tbe galactic poles: That there 
is a gradual and steady increase in the apparent number 
of stars distributed in any equal square of sky-surface as we 
pass, in our count from either galactic pole toward the 
galactic circle, until finally in the belt of the circle, or Milky 
Way itself, there is apparently the greatest number of stars 
in each equal square of sky-surface. This phenomenon is 
explained upon the theory that the visible stars may be con- 
sidered as being contained in the interior of an imaginary 
hollow shell, having the general shape of a grindstone. 

Within this shell the stars are distributed so as to give, 
for any considerable space, an average density in their dis- 
tribution throughout the interior of the shell. Our Son, as 
one of these stars, is so placed that we may consider it (and 
the Earth as well) as being situate on the axis and at or 
about the centre of the grindstone. Looking out from such 
central standpoint, toward the rim of the "grindstone," the 
stars would appear as densely packed, and the mass of the 
stars iu the structure would be projected upon the back- 
ground of the sky, as a belt closely studded with stars, 
girdling the heavens, and presenting the appearance of the 
MUky Way. 

On the other hand, the distance from the centre of the 
grindstone, measured along its axis, to the surface, iu either 
direction, being comparatively much shorter than is the dis- 
tance from tbe same point to tbe rim, there would be a com- 
parative sparseness in the number of stars seen, as projected 
on the background of the sky, when the view is directed from 
the some central standpoint in the direction of either galactic 
pole. For similar reasons, there would be a gradual thicken- 
ing in the number of stars appearing as projected upon the 
background of the sky, in passing from the galactic poles 
toward the galactic belt, when viewed from the same central 
standpoint. 

Because of the great distance of most of tbe stars 
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aatntDomers have been able to determine the distances of 
but comparatively few of them. It is pointed out, however, 
that as far aa appears from determinations of the approximate 
distances and distribution of those stars for which such de- 
terminations have been made, the results seem to sustain the 
view that there is approximately a uniform distribution ol 
stars through this "grindstone" region of space. 

It is next argued, from the fact that the light from the 
nearest star, traveling at the rate of 186,000 nulea per sec- 
ond, takes not less than four years to reaeh us, and that 
light coming from stars, probably distant so far, that it would 
require over 3000 years to reach us, can be seen by use of the 
telescope, that a ray of light once started through apace, un- 
less it meets with some obstruction, will continue forever 
as a visible ray of light. It is also said, that the physicist 
of to-day cannot admit that there could be any loss of light 
in passing through an absolute vacuum of any extent, without 
impairing the fundamental principles (embodied in certain 
mathematical fonnulie) controlling the vibration of light. 

It is further claimed, upon the above premise, that it can 
be mathematically demonstrated, that were the universe in- 
nnile in extent, and the stars scattered equally through all 
space, the whole heavens would blaze with the light of count- 
ies millions of distant stars, separately invisible even with 
the telescope. 

This reasoning may be made apparent in the following 
way ; If you gaze into the depths of a forest in which the' 
treea are sparsely scattered, the trees in the foreground will 
appear separate and distinct, but in the background the treea 
seem to lose their identity and to close up as a solid wall. So 
if there were an unlimited number of stars scattered through- 
out all space, and if visible rays could reach us from the moat 
distant, the heavens would present the appearance of a solid 
wall of light. SiDcc the sky does not present such an aspect, 

B eonclusion la drawn that beyond the stars visible in the: 
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telescope, there are no stars, and that the space beyoi 
without matter and void. 

90, Upon the assumption that the above conclusions are 
justified, Professor Newcomh, by a very pretty process of 
reasoning, and calculation based upon the law of probabilities, 
placed the probable boundary of the physical uuiverse, at 
approximately 200,000,000 times the distance of the Sun from 
the Earth, or say 3,300 Light years. A Light year is the 
distance through which light would travel in one year, travel- 
ing at the rate of 186,000 miles per second. 

Professor Newcomh appears to have been inclined to accept 
the theory of a limited physical universe, and refers, in sup- 
port of that theory, to certain papers published by Lord 
Kelvin in 1901. However that may be. Sir William Thom- 
son (Lord Kelvin) in his lecture, delivered at Philadelphia, 
on the "Wave Theory of Light," expressed the view that 
the conception of a pbyaical uuiverse in which matter c 
to an end in space is incomprehensible. 

91. Other astronomers, while accepting the view t 
visible stars, in the main, belong to a system withinj 
bounds of our Milky Way, reject the theory that there arc 
not other stars and other sj-stems of stars lying in the regions 
of space beyond the bounds of our own galaxy system^ j 
point to the fact that certain nebulie under powerful^ 
scopes, resolve themselves into star-clusters, as indi 
of the existence of such other systems. 

It ia admitted by the advocates of the theory of a limited 
tmiverse, that the basis upon which it rests is shattered if the 
light coming from the outer stars in some way becom 
tingnisbed or obstmcted in passage. 

Now we know that our ability to see a ray of light d 
upon the retina of the eye. We know that there i 
rays beyond the red waves of the spectrum, the wave lengths 
of which are too long to be visible, and them arc rays beyond 
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'AXES of the spectrum the wave lengths 

■t iQ make any vieible impression upon I 

of the eye. We see only the rays having such wave lengths 

fts are inoladed in the red to violet octave. And yet we 

low that the invisible raya of short wave-length beyond the 

iolet end of the speetrum, carry in them great energy, and 

ive a powerful effect on a photographic plate. We can 

•ak of these invisible rays as force rays, in order to 

liuguiah them from the visible rays. 

92. Why the Sky Does Not Appear as a Blaze of Lig] 
— The writer suggests as probably the priocipal c 
invisibUity of the rays coming from the most distant stars, 
tJiat they have been converted from visible rays into force 
rays, on ibe principle of composition. 

i The principle formulated by Huyghens, and considered well 
Intablisbed, that every point in the wave-front of a light ray 
'as it progressca through space becomes a new centre of dis- 
turbance from which visible rays must proceed in every di- 
rection outward, for a time made it impossible to explain why 
risible light rays always proceed in straight lines. It checked 
general acceptance of the wave theory of light. WTien 
ic explanation (See Watson's Physics, sec. 379) came it waa 
AHncing. It was demonstrated mathematically, to state it 
iefly, that there was composition between the rays sent off 
iterally from any point in the wave front with those which 
:cd laterally the instant before. Such lateral rays would 
each other in phases half a wave length behind each 
and thus all the rajs which would have proceeded as vis- 
ile lateral rays, have their visibility destroyed by compoai- 
fion. The physicists have apparently been satisfied with de- 
atroytng the visibility of the side rays, taking small account of 
,tbe fact thai energy is never destroyed, and that it is the after 
:ory of those waves when they become invisible that is of 
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In onr theory of oi^anized foree-raya by composition, we 
are not advocating aoything fundamentally now, we are sim- 
ply making a new application of recognized principles. 

Let ua suppose that there are a large number of neighbor- 
ing luminous points which are emitting rays of light to one 
distant point, the distance being suiGciently great to make 
the lines of wave-progression coincide as one line at the dis- 
tant point. The revolving particles in each wave may then 
be considered as all revolving in the plane of the same circle 
around the common line of progression, that plaue passing, 
at the instant of time under consideration, through the point 
considered, and at right angles to that line. Since the num- 
ber of luminous points which are the sources of the waves are 
very large, the average distribution of the particles in the 
circle under consideration will be nearly uniform, on the doc- 
trine of probabilities. In other words, there will be a large 
number of the waves in opposite phases, and these will pair 
by composition, and by interference produce invisible force 
rays (see. 66). But there will be also a large number of the 
waves not in opposite phases, which will therefore not inter- 
fere, but will strengthen the visible effect of each other. 

Let 1 equal the ntunber of luminous points, each sending a 
wave to the distant point. Let p equal the number of waves 
which will pair, and q equal the number of waves which will 
not pair, reaching the distant point at a given instant. Then: 

I = p + q 

Now we may suppose that the number of the impaired or q 
waves are sufficiently great to make such an average distri- 
bution of phases represented in the circle of revolution, that 
the addition of any other single wave to the composition, in 
whatever phase it might be, would find some one of the q 
waves in exactly the opposite phase, or so nearly in the oppo- 
site phase as to pair and make interference. 

Let us now bring into play a wave from another lutn 
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p(unt in the neighborhood of the others, and sending a waT( 
whieh reaches the distant point at the same time as the p and 
q waves reach it. The number of q waves being large, under 
the supposition, this new wave will Qod a mate and will pair 
with some one of the q waves, and the eompoaition of the two 
will make an invifiible force line (sec. 6G). 

The effect, therefore, of bringing into the composition the 
wave from the additional luminous point, has been to increase 
the number of invisible p rays and to decrease by one, the 
number of visible q rays. 

We may continue to bring into play additional luminous 
points, and thus continue to reduce the number of unpaired 
or visible rays, until the number of phases represented by 
what are left are so few that the wave from the next new 
luminous point added, on the doctrine of probabilities, will 
not find an unpaired wave in a phase opposite to itself, and 
therefore, the number of visible rays will have been increased 
by <me, 

Prom which we conclude that when the visible waves in any 
composition ray have been reduced by such composition to a 
certain minimum number, they will be maintained at or about 
that number, which we may call the standard limit, notwith- 
standing that waves from other neighboring luminous points 
are brought into the composition. And we conclude that an 
increase in the number of luminous neighboring points 
brought into play will increase tremendously the energy in 
the invisible force rays, without increasing the visibility of I 
the composition ray beyond the standard limit above r6- 
f erred to. 

93. Let ua now apply the foregoing principles to the com- 
poflition of light waves coming from very distant stars. 

Let B, P, It, N, Q. S {Fig. 27). he neighboring luminous 
Stan, and let A be a point sufficiently distant from them to 
make the angle MAN so small that tnterrerence between the 
ray« MA and NA can take place, but not sufficiently distant , 
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to make the angle PAQ small enough to permit of interfc 
between the rays PA and QA. The composition at A 
solely between the rays MA and NA, and there will be a cer- 
tain number of paired rays which will interfere and proceed 




Figure 27 



thereafter ss force rays, but there will be also a certain l 
ber of unpaired rays which will continue to proceed as visible 
rays. 

We will suppose that at the point A the number of un- 
paired rays are greater thaa the "standard limit." 

Now consider the composition which will take place at the 
point B taken st such distance from that the angle PBQ 
equals MAN, 

The rays PB, JIB, NB, and QB may now all go into com- 
position at B and suffer interference. 

On the principles heretofore stated, the number of visible 
rays will be reduced by the composition, and we will suppose 
that at that point the reduction of the number of visible rays 
has reduced the number to the "standard limit." 

At the point C, the rays RC and SC will be brought into 
composition. But on the principles heretofore established, 
the number of impaired or visible rays already at the "stand- 
ard limit" will not have been decreased by the additional 
waves brought in. The latter will add to the number of 
visible rays, but they will not have their origin 1" 
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Kow let UB suppose that K and L are two stars in the f 

ind, sending a copious supply of visible rays to the point 

wliich have not beon reduced to the minimuni limit, as has 

in the case with the light waves coming from the greater 

Kays from B, P, M, N, Q, and S will also pass 

ugh D, bat by composition the number of visible rays 

resented by them will be at the minimum standard limit, 

and there being so few of them compared wilh the larger 

number of visible rays coming from K and L, practically all 

tbe old visible rays will be paired with visible rays from 

" and L. 

iimilsrly, when other rays are brought into the compa-l 
_ jon from other stars still further in the foreground, the ' 
last one of the visible rays proceeding from the distant stara 
B, P, M, N, Q. and S will have been paired and converted 
into force rays, and those stars in the background will have 
disappeared. 

Not even a powerful telescope could bring them into viewj 
again, because the power of the telescope to bring into view ' 
jecta, the light from which is too faint to be perceived by 
naked eye, arises from its ability to gather up rays pro- 
divergent lines from the same luminous point, and 
ilrating them again at one point, in the same phase, so 
it in the composition which takes place at the point of con- 
itration, the amplitude of the resultiug wave is increased, 
therefore tlie visibility. 
This brings us to the consideration of a second cauM J 
irating to make very distant stars invisible. 
The principle of light wave interference as illustrated in 
iel*8 experiment, heretofore discussed, clearly shows that 
ohility di*pendB upou the w.^ve hp.ving a suflicieiit ampli- 
But we knotv from experiment also, that visibility de- 
idg upou the intensity of the light, which represents 
l/ike idl foreta rutliattng from a centre, since the 
le energy is spread out over a greater Kpli.TL' surface t 
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the radius increases — and the surface of a sphere increai 
the aqnare of the radius — it follows that the intensity otM 
most be inversely proportional to the square of the c 
from the centre of luminosity. That is: 



Intensity = 



Constant 



But Lord Raleigh ("Wave Theory of Ligl 
9th ed.) concludes that the luminous iutensi 
proportional to the square of the amplitude of the light 
That is: 



Intensity = Constant X ^* 
Therefore Constant X A» = 

, Constant 



where A is the amid 
Co nstant 

visible effect. 



I 



;ht wave. J 

the wave 1 
?ry great j 

elyj^H 
of flip 



Since the amplitude must be of finite size to make the 
a visible ray (sec, 66), it follows that when D is \ 
A becomes very small, and finally the wave makes no im 
Bion on the retina, and the ray is invisible. 

The invisibility in this ease, however, arises solely i 
the dispersion of the energy, radially from tbe point of I! 
nosity, leaving the amplitude of the wave proceeding along 
any one radius, too small to create the visual impression. 
However, by concentrating a number of such divergent rays 
proceeding from one luminous point, the telescope brings 
them into composition in the same phase and thus increases 
the amplitude and intensity to the point of visibility. 

95. We know that the gravitational influence at a distance 
is inversely proportional to the square of the distance. That 



Gravitational influence = 
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Comparing this with the preceding expression : 
Constant 



Visible effect :^— 



D 



^te see that the relative decrease in the gravitational influ- 
ence proceeds with immensely greater rapidity than does the 
decrease in visibility. Consequently, the distance at which 
the gravitational effect would be practically zero, is much 
shorter than the distance at which the amplitude of the light 
wave becomes practically zero. It is to be expected, there- 
fore, that light should reach us from the stars situate far 
beyond the gravitational system to which our sun belongs. J 

96. There is still a third infiuence at work tending to ex- 1 
tingniah the light waves which would otherwise reach \m ■ 
from the most distant stars. 

Through the discoveries made by Professor Barnard, and 
the work of other astronomers, it has been demonstrated that 
there are dark stars scattered through the heavens as well as 
]aminous stars — suns which have lost their energy and gone 
to a kinetic death. Such dark stars would act as screens, . 
cutting off the light rays coming from the luminous stars iB| 
the beyond. 

In a recent nnmber of the Popular Science Monthly ' 
(March, 1913), Dr. Frank W. Very advances the theory that 
within OUT own Galaxy system there is a greater accumula- 
tion of cosmical dust than exists in space in general outside | 
of this and other similar systems, and that this dust acts a 
an sbaorber of the fainter rays. 

It is probable that each of these causes in operation which 
we have mentioned contributes to the extinguishment of the 
visual rays coming from the stars in the infinite regions of 
, thus preventing the skies from appearing as a solid 
B of light. 
I To the writer, the theory of the composition of the visible 
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Toys seems to fami&h the most satisfactory explanation, but 
he does not know of its havlDg been advanced heretofore. 
However that may be, we are not driven, by the fact that the 
heavens are not a blaze of light, to the conclusion that there 
is any limit to the distribution of stars throughout endless 
space. There are other controlling reasons to which we will 
later refer, which lead to the opposite conclusion. 

97. It may he observed also, that our Milky Way sjstem has 
been shown to be not nearly so simple as the advocates of 
the theory of a limited universe present the case. 

There is strong evidence indicating that the Milky Way 
system is really double. The theory has been presented, that 
it is composed of two hoop or ring systems of stars which 
have drifted into each other. Where tlie rings cross each 
other, there is an appearance as if the galaxy has branches 
"The aregellanie Clouds" in the Southern Hemisphere re- 
semble detached portions of the Milky Way. 

The ring of the Galaxy is very irregular, and in places it is 
partly broken. Professor Garrett P. Serviss, in "Curiosities 
of the Sky" (1909), thus describes it: 

"Although to the casual observer it seems but a delicate 
acarf of light, brighter in some places than in others, but 
hazy and indefinite at best, soch is not its appearance to those 
who study it with eare. They perceive that it is an organic 
whole, though marvelously complex in detail. The telescope 
shows that it consists of stars too faint and small through 
excess of distance, to be separately visible. Of tlie hundred 
million suns which some estimates have fixed as the probable 
population of the starry universe, the vast majority (at least 
thirty to one) are included in this strange belt of misty light. 
But they are not uniformly distributed in it; on the con- 
trary, they are arrayed in clusters, knots, bundles, clouds, 
and streams. The appearance is somewhat as if the galax>' 
consisted of innumerable swarma of silver winged bees, more 
or less intermixed, some massed together, some crossine tim 
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paths of Others, but all governed by a single purpose whiid 
leads them to encircle the space in which we are situated,' 
There ia a famous star-vacanuy or "coal sack" which exi 
in the Milky Way, adjacent to the "Southern Cross, " whieli I 
is thus described by Professor Serviss: 

"All around, up to the very edge of the yawning gap, the 
sheen of the Milky Way is aurpasaiugly glorious; but there, 
ax if in ohedienee to an almighty edict, everything vanishes. 
' A single faint star is visible within the opening, producing a 
P'Kirioos effect upon the sensitive spectator, like the sight of a 
I tiny islet in the midst of a black, motionless, wavelcss tarn. 
"he dimensions of the lagoon of darkness, which is oval or 
r-shaped, are eight degrees by five, so that it occupies a 
*vpace in the sky about one hundred and thirty times greater 
than the area of the full moon." J 

There is quite an assemblage of small "coal sacks" in th^| 
Norlliern Hemisphere, in the constellation of the "Swan" i^l 
"Northern Cross." 1 

There is quite an assemblage of small "coal sacks" in the I 
Slilky Way, in the regions lying over and between the con- ] 
KtHlationa of the "Scorpion" and the "Archer," commonly J 
known as the "Milk Dipper," 'I 

The great question has been, whether these apparent star 

vacancies are windows to our physical universe, looking out 

into absolute void space, indicating that the physical universe 

has a finite boundary, or whether there may not be stars in 

Ltbe bey<Hid, so distant that their light has become invisible 

efore it has reached us, or whether there may not be some 

Iruction which shuts off the light of the stars beyond, if 

lere be such, 

1 98. Based upon the demonstrated existence of dark siinAiJ 
nd dark nebulie in space. Professor Barnard has advanced ' 
the theory, that the seeming gaps, or many of them, are not 
openings at all, but opaque screens of dark ne^ulte cutting off 
th« light of the stars behind them. 
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Professor Serviss says: 

"But while it seems certain that some of the obscure epoti 
in the Milky Way are due to the presence of dark nebalse, or 
concealing veils of one kind or another, it is equally certain 
that there are many which are true apertures, however they 
may have been formed, and by whatever forces they may 
have been maintained. These, then, are the veritable win* 
dows of the Galaxy, and when looking out of them, one is 
face to face with the great mystery of infinite space," 

But Professor Serviss finds the human intellect in revolt 
against the tJiought that there is nothing but a void in the 
apace beyond. 

He concludes: 

"From such conclusions the mind instinctively shrinks. 
It prefers to think that there is something beyond, though we 
cannot see it. Even the Universe could nut bear to be alone, 
a Crusoe lost in the Cosmos. . . . We are driven then to be- 
lieve that the universal night which envelops us is not tenant- 
less; that as we stare out of the star framed windows of the 
Galaxy and see nothing but uniform blackness, the fault is 
with our eyes, or is due to an obscuring medium. Since our 
universe is limited in extent, there must be other univeraes 
beyond it on all sides." 

99. Professor Arrhenius, in his notable work, "Worlds iD 
the Making" (1907), comes to the conclusion that there are 
many "systems" of star clusters, similar to our "Galaxy," 
scattered through infinite space. He says: 

"In parts of the heavens where stars are relatively sparse 
(as at a great distance from the Milky Way), most of the 
nebultc observed exhibit stellar spectra. They are nothing 
but star clusters, bo far removed from us that the separate 
stars can no longer be distinguished. That single stars aad 
gaseous nebula? are so rarely perceived in these regions^ 
doubt due to their greater distance." 

In another place he says : 
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•'The opinion that all the aolar heat radiated into infinite! 
space is wasted, starts moreover from an hypothesis which ' 
in not proved, and which is highly improbable— namely, that 
only an extremely small portion of the sky ia covered with 
celestial bodies. That might certainly be correct if we as- 
sumed, as has formerly been done, that the majority of the 
celestial bodies must be Inminous. . . . "We have, therefore, 
to imagine that there are bodies all through infinite space, 
and about as numerous as they are in the immediate neigh- 
borhood of our solar system. Thus every ray from the sun, 
of whatever direction, would finally hit upon some celestial i 
body, and nothing would be lost of the solar radiation, nor of 1 
the stellar radiation.*' 

RJlgain he says: 
P'lf the stars were crowded together in a huge heap, and 
By intinite empty space outside this heap, the dust parti- 
te ejected from the suns during the past ages by tlie action 
of the radiating pressure would have been lost in infinite 
space, just as we imagined that the radiated energy of the 
sun was lost. If that were so, the development of the uni- 
verse would long since have come to an end, to an annihilation 
of all matter and energy. Herbert Spencer, among others, 
has explained how thoroughly unsatisfactory this view ia. 
There must be cycles in the evolatiou of the universe, he has 
empbasiEed. That is manifestly indispensable if the system 
is to last." 

100. It seems to the writer that this last ai^nment against 
the theory of a physical universe limited to our Galaxy sys- 
^^Mn is conclusive of the subject. 

^Hhf we had only a one Galaxy system, and all the outside 
^Hpbce be void, all the suns in that system would have long 
nnco radiated all their heat into space, and by loss of kinetic 
energ}' the entire system would be non-lominous and dead. 
If there are processes going on which will inevitably bring 
the eotire physical universe to a kinetic death at some definite 



120 TBB UMVEBSE AXD THB ATOV 

time in tbe fotore, siiwe time in the past i£ Dnlimited, the 
hmnui mind Mniut escape tbe coodnstoD that the death 
event sboold hare happened long ago. Nor does it aid Dl 
to ima^e a beginning of tbe pioceB, nnless we asEame that 
ve hare under nwsidentioo only ooe ^jrstem of a stiil larger 
nnivene, and that in this endless universe there ia going on 
b>' operation of natural lavs, an endless cycle of birth, life, 
death, and reaurreetion of STsIems. If one system is going to 
its death, as it must be, bevaose of the gradual loss of kinetic 
energy through radiation oatward into space, there must be 
another system in process of bnilding elsewhere. 

Professor Arrbemas has given ns, from an astrooomical 
standpoint, a wonderful insight into the marehing of thia 
great cycle — operating in the birth, life, death, and resurrec- 
tion of worlds. He has not tnmed his wonderful powers on 
an analysis of the processes which are operating in this cycle, 
in the creation, life, and death of tnatler itself, and which 
the latest discoveries indieatc must le^cally be included in 
the premises of an endless cycle : he takes matter as he finds 
it, as material in band for the building of worlds and suns 
and deals with the cj-cle changes in these systems. 

101. As a basis of the hypothesis which is to come, let tia 
conceive of an endless universe of suns, of stars, of clusten of 
stars, and of worlds; and let ns draw on tbe imagination for 
a conception of it. 

It is related in the account accepted by the faithful of 
Islam, that when Mahomet Ibu Abdallah, the prophet, was 
starting upon his nocturnal journey through the heavens, ac- 
companied bj- the Angel Gabriel, a jar contaiuiug water was 
aeeidentally struck by the Angel's wing, and commenced to 
topple over. Kfaliomet. mounting the celebrated winged mare 
Al Borak, and guided by the Angel, with the rapidity of 
lightning, soared to Jerusalem; thence, mounting by a ladder 
of light, he sped from heaven to heaven, seeing many won- 
drona sights, until at last he reached the seventb heave 
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There Allah communioated to him numerona of the divi 
doctruies embodied afterward in many chapters of the KoraD.1 
Returning by tlie same route to the place from which hef 
originally started, ^lahomet found himself back iu time tofl 
prevent the complete overturn of the jar, from whicli only a 
BDiall portion of its contents had escaped. 

Aftt-r the manner of the Prophet, let us then in thought! 

lunt Al Borak and, leaving the Earth, speed through space 

Rlh a velocity far transeending that of light, taking for our 

bide the laws of our limited system, to be the Interpreter 

[ the wondrous sights which are to be found in the space 

lyond our Galaxy. We will proceed in our journey toward 

k endless depth of scintillating stars. We will pass uebuhe, 

ir-clusters, and stars, some of which would pale the bril- 

tnce of our Sun. Here and there in the depths of space 

( will eneounter stars whose energy has been dissipated, 

looming up, bright only by reflected light, and here and there 

w« will pass through a star-cluster system which has gone to 

a kinetic death. Oecasionally we will witness the momentous 

coUiBiOD of two of these dark suns, resulting in the conversion 

of the rectilinear motion of the bodies into vibrations of their 

particles, and liberating a kinetic energy, disrupting the 

bodies, and in a Sash of gorgeous light, causing a magnificent 

gaseous nebula to extend itself for millions of miles through 

q»ce — to take up again the processes of evolution through 

Uch, by radiation of energj', are kept alive the brilliance of ' 

i living suns. And if, after speeding thus for a million I 

, we halt Al Borak at the confinea of some star-cluster , 

1 inquire of our Interpreter the road to the limits of the 

b'dcal universe, the reply wonld be; "You are as yet but 

lh<i beginning of your journey, the road ahead lies straight 

t baa no end. ' ' 

) necessary that we allow our imaginations to soar, in 
ler that we may even apprehend an unlimited universe. 
h02. The writer has deemed it necessary to make this brief 1 
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review of fhe evidential facts in favor of the view that there 
is no limit to the distribution of the stars through space, be- 
cause it is upon the assumption that there is such an un- 
limited distribution, that the hypothesis for the genesis of 
matter, which he proposes to present, is predicated. 
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103. Space and Matter. — Let us now contemplate how 
Bmall is the volume of the space of the universe occupied t^fl 
matter, compared with the great voids of apace not so occa- 
ikd. The diameter of the sun has been computed to be 
it 864,000 miles. We might suppose, distributed close 
und the surface of the aun, all the matter in the planets, 
and throw in the moon, the asteroids, and all the roving 
tnoteont in the solar system ; and a sphere whose radius is less 
than one-half a million miles would, on a safe estimate, con- 
tain it alt. 

The distance from the Sun to Neptune, the most distant 
from the Sun of the eight Planets, is given aa 2.796 million 
miles. If we imagine a great sphere with a radius of 2,796 
million miles, circumscribed about the Sun as a center, its 
volume would be 174,000 times greater than the volume of the 
sphere of half million mile radius — estimated to be sufficient 
in size to eontuin all the matter of the solar system. This 
gives us some idea of the relatively small part of the space 
of the solar system occupied by matter. 

Light travels the 93 million miles from the Sun to the 
Earth in a little more than eight minutes. The Sun 's nearest 

'igfabor is o Centauri, which is separated from it by about 

,110,000,000,000 miles, a space which it is calculated it 

mid lake light four years to traverse, traveling at the rate 
of I8fi,000 miles per second. 

It is considered by astronomers fairly certain that not 
than six stars He within twice this distance from the , 
123 
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Sun. The vast majority of the visible stars are very many 
times more distant. 

We must conclude, therefore, that the volume of the space 
of the universe occupied by matter is insigniSc&nt, compared 
with the space void of matter. 

Nevertheless, since space is boundless, and the distrihutioii 
of matter throughout all space is unlimited, we must con- 
ceive that if we could proceed in aoy given direction into 
the depths of space, and travel far enough, we would at last 
necessarily reach some star. However sparse the distribu- 
tion of stars mi^ht he, if the means of seeing were not limited 
by distance, the effect of looking into the deptlis of space 
would be the same as when we look into the depths of a forest 
composed of seattered trees — the aspect would be that of a 
solid wall. But the luminous wall would be composed of 
separate points of various degrees of luiuinosity. 

104. Observatiou of the surface of the ocean the world over 
shows that it is, in general, in a state of agitation or wave 
motion. If we should have before us as an original problem, 
the ascertainment of the causes of that agitation, and the 
character of that motion, from a study of the phenomena 
themselves, onr first procedure would be to eliminate the 
effect of all local causes, such as the waves from passing ves- 
sels, and those created by temporary winds, Antl when we 
find that the agitation comes on periodically with a tide, and 
is independent of all local causes, and is world-widt; in its 
operation, the mind would be led to the great sources of force 
operating through gravity upon the Earth, and we woold 
naturally find the operating cause in the intiuence of the 
Moon and Sun on the Earth and ils waters. In like manner, 
when we seek to ascertain the constitution of the ether 
medium, or its normal condition of agitation, fixed as it must 
be by the force rays which are passing through it in every 
direction from the stars of a boundless universe, we must 
eliminate from our consideration the influences of our i 
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and of tlie stars of our Galajy eystem, as if they wen 
iog vessels on an oeean of ether, and study the operation 
the force rays which come from the Great Beyond, 

105. Betveen the celestial bodies of the smallest s 
the stars of the largest size, there must he stars of mean c 
average size and mass, and the same forces at work to main- 
tain thronghout the universe an average distribution of stars 
must alao be at work to maintain the average size and mass.— 
Obaervation teaches ns that there must he a maximum s 
and mass, although we may not know all the causes whie 
operate to fix that limit. We know that the cause which'' 
effects the aggregation of the smaller masses of matter into 
larger bodies is gravitation, and that gravitation itself has 
its limitations, in respect to the distance through which ifc^ 
can effectively operate, and its power is also affected by t 
internal heat or temperature of the body. We know also, i 
respect to roving bodies, that the size increases the chance' 
of collision. However these causes may aceompliah the re- 
nUt, we may safely conclude that in the depths of space, in 
whatever direction we may turn, there is an average distri-j 
bution of stars of average size and mass. 

106. Aa a foundation for any helpful cosmos hypothesis, i 
not only necessary to arrive at a proper understanding of* 

constitution or structure of the medium which serves as 
vehicle for conveying light \'ibrations through space, but 
to ascertain the general causes which operate eternally^ 
to maintain that constitution. 

Let us now, in imagination, consider that we are at i 
centre of a sphere, whose radius is so long that it reaches ttr* 
the roost distant visible star, and we will call into service our 
most powerful telescope, and extend the radius of our sphere 
to take into its boundary' the most distant star that can 1 
thus seen. Since space is infinite, the length of the radius a 
taken will even then be intinitcsimally short compai 
if the infinite space beyond. 
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Also, the amount of matter located within the boundaries 
of our supposed sphere Vfill be iafiuitely small compared with 
the amount of matter distributed through the Infinite Be- 
yond. 

We know that when light leaves the Son it tahes a certain 
length of time to reach the Earth. Between the time of leav- 
ing the Sun and the time of arrival at the Earth it most 
exist in the ether as energy, as pointed out by Maxwell, mani- 
festing iteelf by vibrations taking place in the ether, and 
carried forward in waves. 

The same must be true relative to light proceeding from 
every luminous star. If, therefore, we consider the effect of 
the intermingling in any great region of space, of all the radi- 
ations of energy proceeding into that region from all the 
stars of the universe, we can readily appreciate that the ether 
occupying such a region of space must have some kind of 
general constitution markedly different from what it would 
have if these agitations were not going on at every instant 
at every point in space. 

Indeed, if we conclude that there always was, and always 
will be, such an average uniform distribution of stars through 
apace as there is now, some going to pieces while others are 
being built up, it follows that there is no small part of th9 
ether substance in space which ever was, or ever will 
an absolute state of rest. A state of rest, therefore, 
exist only in a relative sense. 

The primary influence of our Sun or other particular stars, 
or clusters of stars, on the state of the ether, is lo<.'at, and in 
arriving at the normal state of agitation which must exist 
in the great unfilled regions of space, the influence of the 
stars in a particular region must be considered as insignifi- 
cant when compared with the mighty currents of energy 
flowing from a universe of stars scattered through an infinity 
of space. 

The normal constitution of the ether in onr supposed 
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sphere wonid be fixed by the energy proceeding from the'9 
^jiftTH of the Infinite Beyond, and for the determination of ' 
^^■■t normal constitution we must eliminate the influence of 
^^■b Htarg within our supposed great sphere. 
^B The starting point of our inquiry into the normal eonsti- . 
lution of tile ether of space must be in the investigation of J 
light rays coming into finite space from luminous sources afl 
infinite distances, or distances approximating the infinite. 
We conld limit the distance to the point where, if our vision 
were not limited, the apparently luminous wall would be. 
From beyond that wall no direct rays could come into the 
[■.irlicular space we are considering. Nevertheless, the dis- 
dice fio limited wonld be infinite compared to the small 
•quantities which we will presently have under consideration. 
107. Causes Checking Decrease of Light Intensity in 
Space. — We know that light proceeds in every direction from 
^^klaiuiuous point. If the luminous point be placed at the 
^^■Itre of a sphere of one foot radius, the light from it would 
^^H distributed with a certain iuleusity over the inner surface 
^^rthe sphere. It the sphere be two feet in radius, the same 
amount of light which started from the luminous point would 
have to be distributed over the larger surface. But surfaces 
of spheres increase as the squares of their radii, tOid there- 
fore the surface of the sphere of two feet radius would be 1 
four times larger than the surface of the sphere of one foot J 
nidius. So that the light from the hmiinous point, being dis- 
:iibnted over four times as much surface, only one-fourth of 
'le qnantity of light falls upon the same amount of surface 
wyl the second sphere as in the case of the first sphere. In 
ler words, the intensity of light proceeding from a luminous J 
lilt deereases inversely as the square of the distance fromV 
t Inminous centre, 
his does nut imply that the intensity of light decreases in 
i geometric ratio for equal distances traveled as it 
torn its source. If we represent the intensity of i 
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light at a unit of distance from the source by K, at a certain 
[ distance from the source represented by xa times this unit 

distance, the intensity would he — ; . If we take another 

m 
point a onit distance further on the distance to it would be 

m+1, and the intensity at that point would he 7 — i-rvi' 
The loss of energy in passing over this added unit of di»> 
tance would be 



K 



^ K (2m + 1) 



rapidly decreases as m increases. When 




m' (m + D' 

It will be readily seen that the value of the : 
(2m + 1) 
(m + D' 

very grt;at the relative loss of intensity in passing over c 
additional unit of distance becomes inappreciable. 

In other words, when a light ray has traveled to any great 
distance, and has a certain intensity at that point, it can 
travel further to other great distances without the same rela- 
tive fractional loss of intensity as in the earlier stages of its 
journey. 

We have already shown (sec, 92) that visible rays of light 
proceeding from neighboring stars to a common point at a 
very great distance, are by composition converted into invisi- 
ble force rays, and that the further the ray proceeds througl 
gpace, the greater will be the number of rays from 1 
luminous points, brought into the composition, and convey 
into the composition force rays. 

It follows, that after a ray has proceeded to 8 very great 
distance, while it will contiJiue to lose the energy with which 
it originally started, inversely as t)ie sciiiare of the distat^m 
this loss of energy will more and more be compensated fori 
the rays from other neighboring stara, which will be broUl 
into composition with it. 
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It is a fandameatal conception of physics, that no energy 
is ever destroved, or created. The same amount of kinetic 
energy «xisting iu the universe to-day, always existed, and 
ever will exist. This principle is known as the conservation 
of energy. 

From Physics, we know that the measure of this inde- 
strnctibie entity is expressed by the formula, i M V, where M 
is the mass of the moving body, and V is the velocity with 
which it IS moving. 

108. The question has often been asked, what becomes of 
all the energy in the light rays which are radiated by lomi- 
Dous bodies into space? 

Were there but a single luminous body in all space, 
'Question as to what would become of all the rays radiated 
into space from it, would not be difficult of answer from the 
Imathematical standpoint. Since the intensity of light dimin- 
ishes inversely as the square of the distance, it would be zero 
at infinity. In other words, a finite quantity of energy, being 
scattered over an infinite surface, the amount of energy fall- 
ing upon a finite surface would he infinitely small compared 
with the total quantity radiated. 

It must not be overlooked, however, tliat such decrease of 
intensity is due to subdivision of the energy in the rays, u 
they spread out radially from the luminous centre. 

When we consider that there are other neighboring li 
Doos sourees, sending other rays into the same regions of 
space, and that at very great distances from these neighbor- 
ing sources, two rays which cut each other, will be traversing 
practically the same path, we can readily see that at very 
great distances the energy of a ray from any one source will 
bo joined by the energy proceeding in the same direction 
from innumerable sources. It is a well established principle 
of wave motion, that when two waves cross each other at a 
large angle, they pass through each other. But when two 
Wftves proceeding witli the same velocity, whose paths lie in 
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the same straiglit line, are superposed, they will or can, pro- 
ceed together as one wave, although the cooforroation of the 
wave surface is different from either, aeparately considered. 
There is a combination of energy, but a difference in the de- 
tails of wave motion taking place. 

The principle of ray-combination at great distances, and 
the results necessarily proceeding therefrom, are too impor- 
tant to be passed without illustration. 

109. Forces at Work for Uniformity.— Let A, C, D, E, P, 
0, and B (Fig. 28) be luminous points in the neighborhood 
of each other. Let the rays DO, EO. and FO cut each other 
in 0. Then EO being comparatively short, the angle DOE 
will be comparatively large, and the rays DO, EO, and FO 



Figure 2S 
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will aimply pass through each other, with only local t 
at O, the point of crossing. But if we increase the 6 
EO, the angles DOE and FOE become smaller, and when EO 
approaches infinity, the angles DOE and FOE approach zero 
in value, and the lines DO, EO, and FO will, at this approach 
to infinity, be following the same path. Therefore, if P be 
such a point, at practically an infinite distance from E, the 
energy passing through P in the direction EP, is made up of 
the combined rays proceeding from each of the points A, C. 
D, E, F, Q, and B, and pursuing the same path, the pencil of 
rays will proceed as one resultant ray. Moreover, the phase 
of the wave at P at any instant of time must be the phase 
of a reanltant wave or the group of waves produced by a com* 
biitation of numerous waves. 
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Such a combination must exist in every ray of light wbid 
reacfaffi us from tiie Sun, since it mast be made up of iiina-* 
merable rays originating iji iudependent centres of Iuj 
Dosity, in the neighborhood of each other on the surface of 
the Sun, and because at tlie distance of ninety-three miiliirai| 
miles such rays would be practically parallel. 
If we consider any number of other points, Q, R, S, T, ' 
id V, in the iinite neigliborhood of P, it is evident that tha" 
lergy arriving at any one of them would be proceeding in 
substantial line, and would be made up of a eombinatioa 
\>t rays, as before, from each of the luminous points A, C, D,l 
E, P, O, and B, We may, therefore, lay it down as a necea 
nry principle, that light coming from any direction in space 
to any point, from an infinite distance, is made up of a com- 
bination of rays from many sources. Necessarily, therefore, 
there roust be a diffusion into each resultant ray, of the energy 
from each source contributing to that resultant ray, and eachj 
point in any surface normal (perpendicular) to the directioi 
of such rays, would secure a ray into which is diffused t 
arerage intensity, representing the contribution from , 
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Again, we see that while the ray EO continues to lose its 
lergj' inversely as the square of the distance from E, up to 
certain point, that after it has traveled a great distance EP, 
commences to receive accretions of energy from sources of 
'rays in the field surrounding E, which in part at least wiE 
furnish compensation for further losses. 

110, We have heretofore seen that the simplest form ( 
;ht-wave motion is represented by the revolution in a ci 
a particle around the axis of progresaion of the ray, . 
,t when the centre of revolution advances, the path of t 
particle is a spiral around the axis of i)rogre8sion. We have 
also aeen that in a composition ray, the circular path of the 
particle around the axis is modified, in accordance with the 
laws of composition of Simple Ilarmonic Motion, and thf 
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ooDtoor of tbe path may be more complicated, as for insUuce 
(sec. 60), it may Tiecome an dliptical spiral. 

Nov, since all the waves which ent^r into the compositioQ 
are individually periodic, i.e^ return to the same phase peri- 
odically, all of them, of any one wave length, will together 
produce the same joint phase effect at each such wave length; 
and where there are a great many wave-trains of various 
wave-lengths, which enter into the composition ray, it w© 
eliminate from consideration all the waves whose wave-lengths 
have the relation to each other required by Fourier's Theorem 
(sec. 49), the joint phase effect of the remaining waves will, 
under the law of probabilities, give an average uniformity 
of phase at every point in the line of progression; or in other 
words, the combination effect is the interference effect, or 
strictly speaking — force-ray. Nevertheless, such a ray would 
be sending off radiations of minute vibrations in ever>' direc- 
tion, at right angles to the axis of tbe ray, and from ever? 
point in the axis. 

If now we consider as superposed upon the effect just con- 
adered, all the waves of wave-lengths which have the relation 
required hy Fourier's Theorem, they will in composition, give 
a periodic recurrence of alternate wave-crests and troughs, 
sending off from the axis, at periodic intervals, lateral radi- 
ations of larger transverse vibrations, than the minute ones 
hereinbefore considered, A longitudinal section through the 
axis of such a train of composition waves would give s peri- 
odic wave profiJe as explained {sec. 54) and ill;istrated for 
a special case (Fig. D, Plate I). 

It is apparent from the foregoing, that if we conaider any 
point through which such a composition train of waves were 
passing, as each periodic wave-crest passes throng the 
point, there would Ije a maximum pulsation radiation at right 
angles to the axis of the ray. 

111. If now we consider a large number of rays sent off 
from any central luminous point, it is plain, on the princu 
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stated (sec. 77), since the cross section o£ each ray is 
force centre, that the rays will laterally repel each other, and 
'lid to open out radially as they progress. But on the prin- 
iple of what is known in Pbysiea as Hnyghea's construction 
tor the wave front, every point iu the wave front may be re- 
garded as a new centre of disturhance, and this results iu a 
continnal subdivision of the rays as they progress outward 
from the original centre of disturbance. 

112. We may now consider a large number of adjacent 
parallfl rays, which have proceeded from infinity, in the same 
Motion, and are therefore composition rays from the same 
rces o£ luminosity and of the average resultant kind. It 
Ident that such rays would possess uniformity in a great 
If now we pass a plane perpendicularly through 
(i a bundle of parallel rays, the cross section will contain 
P'force centre of the iirat order or centre of radiation for 
ich point where a ray pierces the plane. Each of these force 
centres must repel the other, and the rcsidtant effect must be 
to arrange the force centres of the first order iu equilateral 
trian^lar formation {see. 77, and Appendix, sec. 197). 

Similarly, if we consider the rays coming into the given 
apaco from infinity, in the opposite direction to those above 
considered, they likewise, by mutual repulsion, would tend 
to arrange themselves so that their force centres in any cross 
section would give the equilateral triangle formation. But 
I rays of the system proceeding in one direction would 
illy repel the rays of the other. Now the only position* 
iwhicb we can arrange the force centres of the two systems 
i etiuilateral triangular formation with respect to each other, 
:rid at the same lime place the centres of repulsion the fur- 
hcst distance apart, and therefore in the positions of moat 
ible equilibrium, is when the centres of force of the 
' triangular system coincide with the centres of force 
L the other triangular aj-stem. In other words, the 
1 lateral strain in the medium exists when a ray of 
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one system is parsniog tbe same path as a ray coming from 
the opposite direction. 

Bat when two trains of rays are proceeding throngh each 
other on the same axis in opposite directions, they form sta- 
tiooarj' waves along the axis (sec. 55). 

Considering, therefore, for the present, only the parallel 
force rays coming from intinity from opposite directions, 
they would give to the ether medium a stationary-wave B 
tore (Fig. 29), in which the force centres, vortices or 8 
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ard ether particles are arranged in equilateral triangles, in 
planes at right angles to the direction of the parallel force 
rays under consideration. 

Bcasoning that in the in&ute there most be uniform dis- 
tribution of Inminoas stars, and that the force raya are com- 
position rays from all the stars sending from tbe infinite 
parallel rays into the field of the plane to which they are 
perpendicular, the effeiit ought to give to the force centre 
structure of the plane under consideration, almost perfect 
homogenity and isotropy. 

113. The causes which fix the average magnitude of tlieee 
force centres, and their distances apart, are of universal oper- 
ation. They are the average magnitude and average distri- 
bution of the stars in infinity; the average intensity of the 
force rays, brought about by comjjosition, and the mutual re- 
pulsion between force rays ; the minute impulses of the force 
ray, which in its last analysis must represent the results 
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sU the impulsive outbreaks of the various sources of lumi-fl 
nosity, from which rays are brought into the composition. . 
There must be aa average for these, which fixes the heart- 
throb of the universe. We feel as certain that the magnitude 
and positions of these centres of force are fixed by an average 
Tmiform distribution of the stars in infinity, as we are certain 
that the average of the velocities of each separate molecule 
of gas in a given volume fixes its temperature. 

"We know, however, that individual sources of light vary in 
;lensity during short intervals, and we know the correspond- 
ing fact, that a visible ray of light representing a wave-train, 
do«s not proceed rogidarly in periodic recurrence of phase [ 
bat for short intervals of time (sec. 71). Those cb 
working for irregularity, must keep the centres of force in" 
a state of oscillation in the axis of the ray, so that the posi- 
tion of the stationary wave "wheel" revolving around the 
axis would be moved backward and fM^ard, passing in and 
oat of any plane fixed at right angles to the axis of the ray. 
But the taking of any one or more of the force centres out of 
plane in which they help to maintain by repulsion the equi- 
!ral triangular formation (Fig, 29), woiild at once set the 
ler centres to forming another equilateral triangular ar- 
igement through mutual repulsion. Even if the displace- 
ment of tlie particles remaining in that plane be hut slight, 
before there is a return of the absent force centres to that 
le, it would be sufficient to keep the force centres oscillat- 
in the plane, "We must, therefore, regard the equilateral 
.Dgular formation as the ideal position of stable equilib- 
for the force centres, which their mutual repulsion is 
alwaj's endeavoring to make them assimie, but that they make 
giDall oscillations through these ideal positions, as a pendulum 
through its lowest point, which is its ideal position 
st&ble equilibrium. 
i. It must not be imagined, however, tiiat the causes to 
have referred as operating to make the positioo otm 
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the force centre oscillate in the axis of the ray, operate to 
make abrupt changes of position in the ease of force rays, as 
they do in the case of ordinary visible rays. And this, be- 
cause the force ray is essentially a composition ray, in which 
individual fluctuations of luminodty in any one source send- 
ing raya into the composition, are set off by flactaatioos in 
other sources, and the fluctuations of the energy passing in b 
force ray must represe-nt the average of all fluctuations in 
the sources of luminosity, and tend to anifonnity in magni- 
tude aa well as periodicity. 

Thus (Fig. 28), if the luminous points A, C, D, E, F, G, 
and B are sending rays to the point P, giving a certain com- 
position effect at P, and practically the same composition 
effect at the points S, R, Q, T, U, and V, and if we suppose 
that a change of luminosi^ occurs in A, then since AS ia 
shorter than AP, the effect will be felt first in the composition 
ray at S, and will pass Huecessively to the points R, Q, P, T, 
U, and V, Similarly, a change of luminosity in B would be 
felt in the composition rays successively at V, U, T, P, Q, B, 
and S. "Where a large number of changes of luminosity are 
taking place in the aourcefl, the composition effect would 
create small periodic osdllationa of the force centres, and not 
abrupt changes of state. Oscillations of the force centres 
will not affect the general direction of the force rays of which 
they are composed, because the plane of revolution is not 
changed, and because of the same principle which holds a 
rotating rifle ball to its course. 

115. From our previous discussion we must conclude that 
if we consider the foree-line passing, perpendicular to the 
plane, tlirough any force centre or stationary wave, there will 
be similar force centres or statiouarj* waves at periodic inter- 
vals along that force line. And the same is true of other 
parallel force lines passing through adjacent force centres. 
In other words, the equilateral triangular arrangement of 
force centres will he in parallel planes with small intu 
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between them, which represents the wave-length periodici^'l 
of the force rays. 

116. Now what is tme of any syatein of parallel ray8 com- 
ing from infinity, and of the parallel rays meeting them, 
coming from the opposite direction, must be true for every 
snch ^^tem of parallel rays, from whatever direction they 
may come. So that if we select any particular point in space, 
asd pass any number of planes through it in different direc- 
tions, the triangular arrangemeut of force centres would be 
true for each of such planes. It does not follow, however, 
that the point we selected would he at a force centre of any 
one of those planes. Moreover, since the sources of lumi- 
noaity, whose composition rays fix, at any given instant, the 

ition of the force centres in each plane, are entirely inde- 
ident, it does not follow, and the chances are against, the 
iouicidence of a force centre of one plane with that of au- 
other. And the chances that any number of foree ccntrea 
belonging to different intersecting planes would coincide at 
any one point at a given instant, are extremely remote. The 
medium, therefore, is not organized so that pressure applied 
in one direction is transmitted In all directions, as in the case 
of a fluid (see. 19), Indeed, these force centres of the first , 
c^der being circular motions, contined to a single plane 
(»ec. 74), their elasticity exists only in the plane of rotation, 
except as distribution of force is made through the force 
Centres of the second order in the plane passing through 
the direction of the ray and perpendicular to the primary 
plane (sec. 74). 

117. We have now reached the point where we can assign 
to the ether medium a comparatively simple mechanical 
structure. That structure consists of the fon'e centres shown 
by the circles cut out as cross sections by any plane passed 
perpendicularly to a bundle of parallel rays proceeding from 
iufioity. All such circular vortices in the same plane arrange 
themselvefi by mutual repulsion iu equilateral triangle forma- 
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tion. Each force centre consiats of circular or vortex motioa 
in the plane of the triangle. These vortex centres are fed 
and maintained by the composition force rays coming from 
the stare in the Infinite. For that reason they are of average 
uniform magnitude. Force centres or vortices in the same 
plane repel each other, and for that reason they react elas- 
tically, and resist elastically, any displacement from tbeir 
relative equilateral triangular positions. They give to the 
ether an elastically rigid structure, and therefore make it a 
medium capable of transmitting transverse wave motion. 

118, Having now determined upon the normal structure of 
the ether medium as fixed by the controlling inSuence of the 
unnumbered stars of an endless universe, we might consider 
next what effect the disturbances occurring in some nearby 
star would have upon the ether structure in regions in the 
approximate neighborhood. 

We know that such disturbances set up liglit wave motion 
in the elastic medium. We know that the amplitude of the 
vibrations is very much greater in these luminous waves 
than in the force rays we have been considering. A single 
vibration in a luminous wave may involve very many of 
these ether vortices. We thus have the new light waves 
riding, as it were, on the backs of innumerable expiring light 
waves, which have reduced their amplitudes and become mere 
invisible force rays, in (heir flight across the depths of space. 

119. We are now prepared to outline the life history of a 
ray of light : 

When it has gotten well started on its journey, it consisti^ 
in cross-section, of circular vibrations of large amplitude, 
representing the visible rays, with a core of invisible force 
rays in which the amplitude of vibration is extremely minute. 
These force rays carry great energy. As the wave progresses 
in a straight line, the energy is dispersed inversely as the 
Bi^uare of the distance. This reduces the amplitude of the 
visible rays, as well as the intensity of the composition force 
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rays, until a point is reached where all the rays become invisi- 
' ble, excL'pt by use of a telescope. After a time, the ray liaa 
again progressed to such an immense distance from its start- 
ing point, that luminous points in the finite neighborhood of 
the HOuree of our ray send rays which join it at this diatant 
point, also traveling in the same path, and enter into compo- 
mtioD with it- bo as our ray travels on, other rays join it, 
untU finally all the visible rays with which we started have 
been converted into force rays. By dispersion through sub- 
division, these force rays will finally be reduced to waves 
whose amplitudes approximate zero. A long time prior to 
this, however, the amplitude of the force waves will have been 
reduced tn that average size, which as force centres, fix the 
normal structure of the ether medium. The force rays then, 
furnish in their cross sections, which vary from the average 
uze down to zero, the force centres or vortices, wliich enter 
■ SB elastic elements, and take their part along with other such 
■force centres, in the larger vibrations of some new light wave, 
Pvhich embraces them, and then treads upon them in its flight. 
But however spumed, and however robbed in the continuation 
of its course of its luminosity, and diminished in size to the 
vanishing point, our force ray must still persist as circular 
motion, and thus keep the ether elastic in every core and fiber. 
Thus, in the broader sense, the ether may be considered as 
s medium made up of eddies, down to its most infinitesimal 
parts, and it is not an anomaly to consider such an eddy as 
an ether particle. It is something which has a definite form, 
ahape, size, and elasticity, and is capable of receiving and 
■Imparting motion and of change in its own position, and in 
pght wave motion, shows an automatic capacity for main- 
ing itself beyond anything with which we are familiar in 
B phenomena of matter. Nevertheless, at the small end of 
Ihfl rays when their journey is ended, they die ; but the energy 
Irhich once vitalized them lives in the new bom rays which 
Kintillate their youth in the colors of the rainbow. 
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120. The Standard Ether Flow.— Referring to Figure 30, 
in which the triangular Bystem is intended to represent the 
equilateral triangle structure of the medium, caused by the 
locatioa of the standard ether particles, we will find it con- 
venient to refer to that system as the standard equilateral 
triangles, 

A little consideration of the lines will show that the system 
may be considered as formed by three sets of parallel lines 
proceeding from infinity. On the other hand, if we consider 
the position of any one standard particle, as that at 0, we 
see that it may be considered as a centre of force through 
which or from which radiate six great lines of force which 
extend to infinity. 

Let A, B, C, D, E, F, and be standard ether particles 
situate at the corners of the standard equilateral triangles of 
the ether structure, the six triangles having their vortices 
atO. 

Since flows of energy in the lines of force from infinity are 
traveling in opposite directions, we may consider that the 
points ABCD, etc., are the positions in which the stationary 
waves are formed, and we may consider that the particle* 
A, B, C, D, E, F are traveling in the sides of the equilateral 
polygon or hexagon ABCDEP, and in effect moving in the 
periphery of the polygon about the position of the pi 
at 0. There will be particles moving in both direetii 
the sides of the polygon, and passing through each 
the corners, at which times radial impulses will be sent 

UO 
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Uie sii principal lines of force to tlie cpntre O. It will makefl 
woo difference for our present purposes, whether we consider 
^hbat the stationary waves formed at A, B, C, D, etc., which 
^npB have denominated as standard ether particles, actually 
^^Tavel in the sides of the polygon, or only particles sent off i 
by them as wave impulses. 

We might have considered with equal propriety that ] 
I the central particle, and that the flow was around thej 




Figure 30 

^des of the polygon AOEGHI, and reached the same coo^ 
cliuion as to it. 

We may therefore regard the stability of the equilateral^ 
system as maintained by a steady flow of energy with velocity 
V = 1 along the sides of the equilateral triangles in both di- 
rections as indicated by the small arrows in Figure 30. The 
1 of the side of the standard triangle we take as unity. 
I result reached is identical with that reached by the 
8 of higher mathematics for a surface element. (Ele- 
nts of Theoretical Physics, Christiansen-Magic, p. 20), 
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121. The Ether Medium Is Under High Pressure and 
Possesses a Quasi-rigidity. — By reason of its uniform or 
iflolropic structure and the repulsion existing between its 
particles in every plane which ean be passed through it, there 
must exist throughout the entire ether medium, in its normal 
state, a very high degree of pressure, and this must he in 
general uniform throughout, except where disturbed by the 
extra normal motions which may be propagated through it. 
This pressure constitutes the driving force of the universe. 

The appreciation of the fact that the ether is organLied in 
planes is the key to the atomic structure of matter. 

So far as the pressures esisting between standard particles 
rotating in the same plane are concerned, it is apparent that 
their repulsive radiations will tend to enforce the equilateral 
triangle structure, and give to the ether at least a quaai- 
rigidity (sec. 21). 

A consideration of the repulsion which must arise between 
a s>-8tem of particles in triangular arrangement in one plane, 
and another such system in a. nearby parallel plane, by reason 
of inter-radiatious from their particles of the Second Order, 
will lead to the conclusion that their respective triangular 
systems operate to laterally "brace" each other, after a man- 
ner which we may liken to the trusses of a bridge. 

Thus if A, B, C (Fig. 31), he stauJard particles in the 
equilateral triangle system ABC, so that their particles of 
the Second Order are revolving in planes perpendicular to 
the plane of ABC, and so that tlie centres A, B, C, may he 
considered as revolving around 0, the particles of the Sec- 
ond Order will be emitting rays of repulsion from A, B, C, 
respectively, when at those points, in the planes AOD, BOD, 
and COD, the resultant pressure tending to operate in the 
direction OD. So that any standard particle at, say, th« 
point D, if revolving in either of the planes AOD, BOD. or 
COD, would get the repulsive eflTeot of the particle A, B, or C 
only in the plane iu which it was revolving. Bat if J 
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b centre of a standard particle revolving in a plane parallel 
b ABC, its particle of the second order will emit and receive ■ 
repulsive radiations as it revolves, successively, to and froiftl 
A, B, and C. The repulsive effect, aa heretofore pointed out* 
is an elastic effect due 
to the shortening of the 
radius of revolution of 
the particle acted upon, 
or change of the position 
of its centre by pressure, 
and therefore its opera- 
tive effect takes place 
only from raj-s proceed- 
ing in the plane of revo- 
lution, either of the par- 
ticles of the First or 
Second Orders. 

The foregoing eon- ' 
siderations lead to the 
conclusion that in an 
infinitely extended ether formed with the equilateral tri-l 
angle structure in everj- plane, the triangular structure will I 
be braced laterally by interaction between their particles of I 
the lower orders. 

Inasmuch as the pressures which create the equilateral tri- ^ 
^^^^le systems are due to radiations between particles of the 
^^BSt Order, while the lateral pressures we have above con- 
^HBered are due to radiations of the particles of the Second 
^^Mer, the writer does not think that the arrangement of the 
standard particles of the ether structure is tetrahedral. He 
is inclined to think that the tetrahedral arrangement called 
' in matter by certain principles of higher mathematical J 
g only in combinations of higher particle-motion to con-J 
nte matter as hereinafter considered. But these reasons^ 
Knot oeceisarily exclude that idea. 
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These eODClusions will be strengthened when we oome to 
consider that all the pbeDom€na seem to require orgaoizatioD 
of Ibe ether in planes cutting in every direction, and that 
Blmctare responds apparently to all requirementa, 

122. Stress Lines and Lines of Least Action. — Referring 
again to Figure 30 we see that tlie greatest stress between 
the standard particles of the ether toedinm when in the equi- 
lateral triangle positions most exist in the line of the sides 
of the standard equilateral triangles. This follows because 
the partielea repel each other inversely as the the distance. 
Thia conclusiou means that the greatest amount of flow of 
energy must be going on in the sides of the standard equi- 
lateral triangles. It follows that if a motion be started, 
timed with and following a flow, the line of least action, 
or the easiest road to travel, will be in these principal stress 
lines, or lines of flow of the First Order. If not timed with 
the general flow of energy which is taking place periodically 
in these principal lines of flow, some other line will or may 
be the line of least action. 

We may look upon the side of the standard equilateral tri- 
angles as tubes of sufficient size to admit of the passage 
through them of a standard ether particle, and that flows of 
energy are taking place through them in uniform periodic 
beats, in both directions. Each standard particle being an 
elastic ring, there would be no difficulty in the passage of one 
ring through the other, where tlie nature of the flow requires 
it. The action would be similar to the passage of vortex 
smoke rings through each other as illustrated in Helmhottz's 
and Lord Kelvin's experiments. 

For precisely the same reason, there is a line of stress be- 
tween E and H, hut the flow is nf less magnitude than be- 
tween E and F, and we therefore may regard EH as a line 
of (low of a lower order ; or as a tube for the passage of parti- 
cles of a sDialler diameter. 
^ will be observed that EH is tangent at E to the « 
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ABCDEF, and if we can consider that the particle E is re- 
volving aroujid 0, in tliat circle or in the hexagon, under | 
the principles stated in section 75, the waves sent off by th^ 
particle when at E will be in that tangent. 

For similar reasons there is a Hoe of flow of a still lower! 
order between E and J, and another of a still lower order! 
between E and K, etc., etc., but these liuea are not tangent toj 
Uie same circle at E. Nevertheless, these lines of flow of] 
lower orders will play an important part when we come taM 
consider atomic stnietnre. 

123. Hexagons of Ascending Magnitude.— If in Figure ' 
30 we consider ihe points G, I, L, M, N, P, we see that they 
are naturally arranged so as to form a perfect hexagon of a 
higher order than the standard hexagon ABCDEP, being*! 
baaed upon the equilateral triangle OGI, 

From the right angle triangle OIH we have 0I- = OH' — 1 
Andif 0P = 1, 



01= V (2)'- {1} = =V 3 = 1.7320508 
As we pass outward from 0, we see that by connecting the I 
particles properly situate, there is in the ether structure ft I 
succession of hexagons in which the sides or radii are sua- 1 
ceaaively of greater length, the next one being the hesagoal 
whose basic triangle is OIIQ, etc., etc. The length of thesfti 
sides or radii is of great importance to the subject we must] 
later consider, but we pass that for the present. 

We know that a light wave in general consists of a wheeLn 
of ether particles revolving at right angles to the line of pro-9 



I Id the normal state of the ether, we may consider that tlu 
tides forming the hexagon ABCDEF, revolving only i 
son with the flow, form a stationary wave, in which the 
jpiplitnde is OF, since, as we have heretofore seen, each of 
B standard particles A, B, C, D, £, F, is a stationary wave. 
Now if by some torsional force, we eonid set the particles J 
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in the hexagon ABCDEF, to revolving in one direction 
aronnd 0, at a higher rate of speed than the regular ether 
flow, we may conceive that the particles composing this hexa- 
gon would be started off as a traveling wheel or ray of light 
or electric wave. 

The same proposition would apply to the particles forming 
any of the larger hexagons. 

If two of such traveling waves met each other traveling ia 
opposite directions on the same axis and in the appropriate 
phase, we would again have a stationary wave. But such 
stationary wave would possess qualities which would differen- 
tiate it entirely from the surrounding ether structure. In 
the first place, it would represent a stationary particle re- 
volving with very much higher velocity, and certainly as to 
the larger hcxagous of much greater magnitude than the uni- 
verse of particles of the lower orders surrounding it. For 
that reason we would expect such higher order particles to 
have properties different from those of the standard particles, 
and that their action on particles of like kind would be differ- 
ent from the action of the normal ether particles. 

124. Hexagons of Descending Magnitude. — Because of 
the fact that in Ihe ether structure there are, as we have 
heretofore seen, lower orders of ether particles with magni- 
tudes below that of the standard particles, and from a con- 
sideration of that structure Itself, it can be easily demon- 
strated that there must be a descending system of hexagons, 
or a succession of lower orders of equilateral triangles in the 
structure, running downward on the same mathematical scale 
that the others run upward from the standard triangles. 
For instance, just as the standard particle at P (Fig. 30) ia 
at the centre of the larger triangle OGI, there must be a 
particle of the second lower order at the centre of the stand- 
ard triangle OFA, and another at the centre of API, etc., 
etc., so that these lines of flow of lower orders such as 01 
and 10 really belong to the lower systems of particles. 
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can readily conceive, therefore, that if a standard particle is 
driren through a line of flow of a lower order, as from I to G, 
the particle must have its radius eiaaticaliy compressed, and 
its velocity in 10 increased. 

This at least may be inferred from analogy to the behavior 
of a fluid flow through a pipe having a contracted throat, 
known as Bernouilli's principle — the flow is faster through 
the throat, and with less pressure against the sides of the 
throat. 

In order not to leave the proposition as rested upon mere 

analogy to fluid motion, we will anticipate the results of a 

principle established in a subsequent chapter. It will be 

there shown that in such automatic revolution of a particle 

which is revolving around a centre O with tangential velocity 

V„ in a circle or polygon, and which particle is itself rotating 

W 
with velocity W,, and has a radius of r, the relation V, = - — ■ 

most exist. We Bee from the equation that if W, be constant, 
a decrease of r, increases the value of V,. That is to say, if 
the standard particle is clastically compressed and forced 
through the line of flow of a lower order, it must, jf W, re- 
mains constant, travel at a higher velocity. 

We will return to the subject of particles formed on the 
Buccessive hexagonal systems of the ether structure later. 



CHAPTER XUI 

CERTAIN LAWS OF FLUID MOTION 

125. The Ether Only Partially a Fluid.— Lot ADBC, '. 
ure 32, be a traveling light "wheel" or particle of the First 
Order. The centre 0, of this particle is progressing in the 
aJtis XY, and the plane of the particle is perpendicular to 
that axis. There must be a particle of 
the Second Order FEG whose centre C 
is revolving in the circumference of the 
pt"* particle of the First Order. The axis 
of progression XT' of the particle of 
tlie Second Order is tangent to the cir- 
cumference of the particle of the First 
Order. There must also be a particle 
of the Third Order whose ci>ntre E is 
re^'oU-ing in the circumference of the 
Second Order. The axis of progressioa 
X"Y" of the particle of the Third 
Order is, at the instant represented, parallel to XT. The 
centripetal forces which work to iteep the centre C in ita 
orbit, operating in the direction CO, in part at least may 
be considered as a flow from C to meeting another 
flow from D to 0, and passing out of the particle at 
into the aids XY, the line of pressure of the energy 
being shifted at right angles to CO, and appearing aa 
action and reaction in that axis. The action may be the 
forward movement or progression of tlie particle ita 
the direction OY, and tlie reaction may be a flow or *'j 
of energy in the direction OX, or in other 




Figure 32 
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force wave. We will deal with this more partieularly hew 
after. The point to which we direct attention is that 1 
operation of the centripetal forces in the plane of thti particleil 
is shifted at the centre, at right angles to the plane of the I 
particle, and since action and reaction are equal and in oppo- 
aite directions, if one-half of this energy is doing the work 
of moving the particle forward, the other half must pass off 
in the opposite direction as a flow, jet, or wave. For pre- 
cisely simitar reasons, the operation of the centripetal forces 
in the particle of the Second Order FEG, must be shifted at 
the centre C into pressures, flows, jets, or waves in the axil 
X'Y'. These jeta or waves will be sent off at right angles to I 
the axia of the particle of the First Order, The same must .1 
be tme of the particle of the Third Order, but the jets orJ 
waves sent off by it will proceed in a plane passing through O J 
the axis of the particle of the First Order. 

The same eonclusious must be reached relative to the forces! 
operating in the standard ether particles or stationary waveal 
of the ether structure. 

The converse of the foregoing proposition must also be 
true, that pressures in the axis XT may he diverted at the 
centre O of a revolving particle, and radiated at right angles 
B the axis, outward to the particles of the Second, Third, etc.. 
Where a flow is taking place between two points 

e direction of the flow must be toward the point of lowest 
ssure. 

L26. Sufficient has been said to show that pressures are not .1 

mitted through the particles of the ether structure, in.! 

^ry direction, in the same sense as is the case with water | 

It other fluids with which we are most familiar. 
Pf ressurea in the ether structure operate in straight lines, or ^ 
radially in a plane from a centre, and are shifted from such 
[ilane only at centres of gyration, whether of a particle of a 
higher or of a lower order. 

ok upon a molecule of water as a perfect sphei 
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we would for tlie pnrposes we now have under disctissioa, re- 
gard an ether particle as a thin dbk. 

If a Dumber of billiard balls be placed in juxtaposition and 
piled upoD each other in a bucket, and if we put & pressure 
downward upon one of them, the pressure would be t""«- 
mitted through the eutire series in every direction, so that 
even some of the lower balls would be pushed upward. This 
would represent fluidity in all directions. 

If, on the other hand, we place in juxtaposition a number 
of billiard balls on a table, a horizontal pressure applied to 
one of them at the height of its radius above the surface of 
the table will be transmitted from ball to ball as if they were 
constructed of the disks, which would be cut out by a horizoo- 
tal plane passed through their centres. The pressure would 
all be conhncd to the one horizontal plane. This would rep- 
reseut fluidity confined to one plane. 

There are certain laws of ordinary fluid motion, arising 
tutder phenomena where (he fluid action is essentially con- 
fined to a plane, which on principle must be equally appli- 
cable to the particles of the ether structure. 

127. Unit Definitions. — Problems involving tbe equilib- 
rium of fluids (Ilydrostatics), or fluid motions (Hydrody- 
namics), must be considered tlirough certain standard units, 
of which it is necessary that we have an understanding. 

Force, in general terms, is that which imparts or is capable 
of imparting motion to or in substance. 

Pressure is force, Weight is force. Momentum is force. 

The measure of a force F is the magnitude of the veloci^ " 
acceleration f it will impart to a given mass M in a given a 
of time. That is : 

P = Mf 

If we are dealing with the force of gravity we exprt 
same thing by: 

Weight = Mg 
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Iiere g represents the velocity acceleration whi(^ gravitj 
will impart to a falling body in one second of time, which i 
approximately 32 feet. 

The symbol G is generally taken to represent Ihe weight o 
^■tenbic foot of water which at 53° Fahr. is G2.4 lbs. So thai 
^^fcing the cubic foot as the uuit of volume : 

^m G^Mg 

represents the unit weight for the unit volume. Prom which I 
we see that the mass for the uuit volume is : 

Under the metric system, where the unit volume is taken aa I 
I cubic centimetre, and the weight of that volume of water \ 
its maximum density is taken as the unit weight, and g L 
;en in centimetres, we substitute unity for G in the above J 
formula, and have for the unit mass 

e 

Wl2S. Action of an Accelerating Force. — When a force or 1 

ssure acts continuously upon a body of unit mass, so t 
I give an additional velocity of f to the body in each unit J 
I time, f is called the acceleration of velocity or accelera- 

t t be the time consumed, S the space traveled from the I 
t in that time, and V the final velocity, then from purely 
latbematical considerations it is a well established law of | 
physics that the following relations must exist : 

V = ft 

S = ift^ 
V» = 2£a 

pravity is such a force continuously operating upon a body 1 
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allcnred to fall from a position of rest, and expenmeat| 
shown that the velocity acquired at tlie end of one s 
time is 32.1912 feet or more accurately 980.965 pentimetrea. 
This acceleration is usually representwl by the letter g. 
If H be the height through which the body falls, it c 
spoods to the S of the above formula, and 



H 



= 2gH 



Pressure. — In a general sense Pressure is momentum, i 
where we are dealing with a mass 51 moving with a velocity 
V, is measured by MV. When SI =^ I or we are dealiug with 
the unit mass, the velocity measures the impact ur pressure 
at a partienlar instant. 

If we are, however, considering the measure of pressure 
occasioned by the continuous impact of a steady flow with 
velocity Y and unit sectional area, not at an instant of time, 
but during the whole of a unit of time, tlie volume of the 
flow in the units time would be equal to the velocity V, I 

1 V 
mass would be V X — = — and the pressure P or nn 

eg 

during the units time would l»e 



: XV 






ty v,^^ 



where g represents the acceleration of gravity, or the acceler- 
ation of any other force operating which might be taken ws 
a standard. 

129. Torricelli's Theorem. — Torricclli demonslrated that 
if an orifice be cut in the side o£ a vessel near the iKitlom, 
and the vessel be filled with water to a height 11 (Fig. 33) 
above the centre of the orifice (ignoring friction), a jet of 
water will flow from the orifice with a velocity expressed by 
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|«r (2) H = 



YL 

2k 



^ 



Figuru 33 



where g is the aeeeleratit 

liquid above the centre of the orifice. And this velouity c 

efflux as we see, is precisely lie 

Velocity a body would have acquired 

by falling through the distance H. 
The motion here considered is I" 

all intents and purposes motion cmi- 

fined to the vertical plane AOB. li 

is practically as if there were ;i 

linear flow from AO, shifted at ri;-'iil 
L angles Ht O, in the direction OB, 
I with a reaction iu the direction OR. 

Using gravilation units as in the metric system, H repr** * 
[ Bents the pressure at due to the weigbt of the column of 
I fluid AO of unit section. The volume of flow discharge per 
I onit section and per unit of time is V, The mass of the 

I discharge per second is V x — . The momentum of disciii 

[ per second is, mass XV = - — ■ . 
■ « 

The horizontal force or reaction P actii^ on the side of 

f the vessel opposite to the orifice, and equal and opposite to 

the force producing tJie momentum is therefore 



(3) 



-2H, 



^Tbat is to say, the horizontal pressure of reaction is twice the 
■ presnire due to the weight of the units in a line of the height. 
fit is twee the head due to tlie velocity of flow or twice the 
Iprnunirc due to the flow at the orifice. Tliis is the result 
Ireached by Rankine (12 Ene. Brit. p. 514, 9th Ed., Hydro- 
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, mechanics) where we put G ^ 1, « ^ 1, as there used, 1 
\ make the formula conform to the metric syatem. 

130. Bernouilli's Theorem. — The following principles were 
I demonstrated by Rernouilli (12 Enc. Brit. 466, 9th Ed., or 
' 14Idem. p. 42,'lllh Ed.). 

Let AB, Figure 34, be one elementary stream in a steadj 




Figure 34 



moving mass, which is moving with velocity V, and let h be 
the depth of the stream considered, below the free aurfai^e 
of the fluid; the fluid being acted upon by a continuously 
accelerating force like gravity. Then at any point in I 
stream where the pressure is P : 



(1) 



v; , p 



We may simplify this by supposing the stream to lie I 
the surface, where h ^ 0, and we may place 0=1 for t 
metric syatem. and we have 



Now =— is the head due to the velocitv of flow, and 1 

2e 

the pressure, or head equivalent to the pressiirc. Therew 

V' 
the expression =- + P U the total head due to the n 

I of flow and to the prciisurc. 
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If a small vertical pipe CD is introduced into the atrenm, 
tbti fluid win risf to a Leight U corresponding to the pressure 
at D. Tliat is, U = P. 

Wc see from ("2) that an increase of V, the velocity of 
flow, neeessarily decreases the lateral pressure P, since the 
sum of the two pressures Is constant. 

We may draw some important conclusions from tliese prin- 
ciples long established, which will be put in use hereafter. 

If the small vertical pipe be inserted into the stream as at 
EL, 80 that the acceleration of gravity would be acting in 
the direction KL, it would cause a continuous How through 
KL, the pressure at K in the direction LK would he negative, 
and equation (2) would become 



(3) 



V 



This theorem of Kernouilli's appears to have an important 
bearing upon the fact that the velocity of pro^'reasion ol' all 
light waves is the same, and that the velocity of the ether 
flow is constant. 

131. Barker's MiU.— The auto- 
matic action of the ether particle, 
as we shall hereafter show, depends 
apon the same principles as those 
controlling the reaction wheel, as 
iflnstrated by what is commonly 
known as Harker's Mill, or, in a 
little different form, the principle 
of the revolving lawn sprinkler. 

Let A, Figure 35, be the surface 
of the water in the vertical cylin- 
der. AC ^ H is the vertical height 
of the surface above the oritice. 
CB = It is the radius from the asis of rotation to the c 
of the oritice. V is the velocity of discharge through ffii^ 




Figure 35 
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jet issuing from B. The reaction from this liigcharge drives 
the arm CB around the ceiitre C. V, is the tangential 
velocity of B in the opposite direction from the direction iii 
which the jet is flowing. 

Aside from any pressure due to the head AC = H, the 
water at the orifice being forced to flow in the direction of 
the jet, would issue from the orifice with velocity V„ due 
merely to the rotation of B in the opposite direction ^ 
the velocity Vj. This velocity of issue, due entirely to i 
tion, may be expressed (see. 129) by 

(1) V,'=2gh 

where g is the acceleration of gravity, and h is 
a height that water falling from it under gravity 
produce a velocity of V,. That is, h is the head or prea 
which would produce that velocity. From which ' 

(2) h=Vj' 

2g 
Bnt if the machine is forcibly prevented from revolvi 
the water which will flow from the jet will be caused to flow 
entirely by the head AC^ H. So that the total pressure at 
the orifice while the wheel is in rotation, will be due to what 
is equivalent to two heads, or (H-^-h) acted on by the ac- 
celeration g, so that we have for the velocity V of outflow of 
the jet: 

(3) V= = 

(4) V= = 2gn-1-V/ or (5) V = V 2gH -f v| 
This is the form in which we will have the most i 

the formula. It gives the velocity of flow meas^tred from I 
orifice, which is itself in motion. 

If a be the angular velocity of the machine, then J 
tangential velocity V, at B is equal to aB. That is, V, =(d 
and equation (5) becomes 
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(6) 



V=V2gH + o»E' 



This is the resott reached b; a little different method of 
reasoning in 12 Euc. Brit. 9th Ed. p. 524, or 14 Idem. 11th 
Ed. p. 97. 

If we could im^ine that the arm at B had another orifice 
cat opposite to the one from which the jet was issuing, but 
that the arm was revolving with such speed in that direction 
as to keep np with the flow which would otherwise issue from 
that orifice, there would always be maintained between the 
two orifices a certain amoant of fiuid under pressure, which 
we could identify as a particle ; at the same time there would 
be a continuous flow from one side of this particle, supplied 
by the flow into the particle from the centre of rotation. 

We shall endeavor to show later that this is substantially 
the operating principle of the ether particle, and the prin- 
ciple upon which atomic structure is predicated and main- 
tained. 



Figure S 
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CHAPTER XIV 

THE RELATION OP FLOWS AND PRESSURE 
IN THE ETUER STRUCTURE 

132. Linear Squares and Cubes. — Referring to Figure 
let u8 suppose that there is a certain continuous force line 
(or stream line) flow throut^h 
BO, greater in the direetion BO, 
than the normal ether flow in 
that direetiou. There will be 
lateral outflow from BO 
the stress lines BG — M, 
MjM'; — OF. If we cc 
only the particular part of 
flow which started at B 
given instant, when it arrives at 
O, it will have been diminished 
in intensity of pressure. But 
since action and reaction are 
equal and opposite, simultane- 
ously with the starting from B 
of that flow, there starts from 
in the direetion OB a reaction 
flow. The intensity at O in the 
lateral pressure of tliis reaction 
flow together, with the intei 
which the direct flow fpoi 
would have at 0, must mal 
unit lateral pressnre of 
(ether flow in the standard stress line BO. The aame 




e true for any point between B and 0. 
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^H The result would be that in the timi> it takes the direct 3oi 
^■to Imvel from B to O the outflow in UU traveling with t 
uniform velocity of Hie ether flow, would travel to G, 
that BG = BO. And in the same time the reaction floij 
reaches B, and the outtluw from it at O, in OF, has reaeha; 
F, so that BO = OF. In that time therefore the pressu] 
in BO has diffused itself through the entire square BGFO 

IUie diffusion being in the lines BG — M,M'i — MjM'j — OP] 
[ There must be also diffusion in the lower orders of the strea 
Koes, which have systems of parallel lines mueh closer spaced 
Ipart tlian the standard streBS lines, 
I We may tlierefore consider that the pressure in the larj 
bqaare BGFO is distributed through the smaller squares com 
[wsing it. The area of the square BGFO will therefore rep- ' 
resent the pressure in the square constructed on BO due to 
the diffusion of pressure from the rectilinear flow in BO, If 
we take the distance between the stress lines as unity, tba-m 
entire pressure P in the stress line BO, may be represented li 
tile number of linear units in BO, That is : 

BO = P 

The pressure in tlic square BGPO, due to continuouvfl 
iw through BO, will be 

PXP = 



I 



In the drawing we have only taken BO = 3, therefore thdl 
pressure in the entire square is 3 X 3 =^ 9. If we had takenl 
BO = 4, then we would have the pressure in the square equal 
etc., etc. 

Lay off AO :== 1 to represent the standard flow in the streatJ 
Le OX. Connect AB, and draw BD perpendicular to ABI 
itling OD in D. Theu ABD will he a right angle trianglft; 
We may put the linear measure of BO = y. It will e 
■resent the linear pressure in BO. 
I^itOD = x. 
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Prom a well known theorem of geometry, we may mth 



as a eentre, and this circle will pass through A, B aud D. 
and from the same theorem wo will have: 



pres^^l 



OD X AO = BO' 

or (1) xXl— y^ 

or (2) x = y' 

or (3) x = P= 

That is to say, the total pressure in the squar(( repi 
by the sum of pressures malting up the square, is equal Ki 
the number of linear units of pressure id OD. 

The result is the same as if there were no lateral flow oe- 
eurring between B and O.and there were an aceelerating force 
AO = 1, operating with P times the frequency of the standard 
flow, whieh turns the flow in BO, at O, in the direction OD 
at right angles to its former course, and, in the time the stand- 
ard flow would travel from B to 0, and which it would have 
taken to fill the stress lines of the square BGFA, has carried 
the flow to D. 

If there is the mechanism in the ether structure to ac- 
complish such a result, and called into play under certain 
conditions, as we shall show there is. then we see that area 
pressure, or pressure in two directions -in a plane, can be 
converted into rectilinear pressure, and vice vena, 

133. From (2) . x = y=, we have 

y=d: yT 
or BO = + V OD 

If we were given the length of OD and desired to extract the | 
st|uarc root of it geometrieally, we would lay off AO = 
draw the axis EY perpendicular to AX at 0, and i 

AD 

radios AC = -5- describe the circle, which would i 
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I ET in two points B and H, the cue above, the other I 
r the horizoDtal axis AX, but both in the plane of the 1 
paper. Which shows that AD hsa two square roots, OB | 
positive and OH negative. Which being interpreted n 
that a pressure BO diffused through BOFG would give the 
linear flow AD equal to BO', or a pressure HO = — BO dif- 
fused through the square on HO, would give the linear flow 
AD or be equivalent thereto. 

A^aiu draw D£ perpendicular to BD, and let us sup- | 

pose that there was a reaction flow from D to 0, just ! 

fQoal to OD = y' = P^ and that the flow BO = P acted I 

the accelerating foreo to turn the flow DO in the I 

Ktion OE. Then from the right augle triangle DDE we J 






OEXBO = OD' 

OExy=y* 

OE^y'^P" 

'That is to say, the line OE in direction and length repre- I 
inta not only the cube of BO. but, if we regard BOFG a 
planular layer of lines or as an area, OE represents a pile of I 
these layers stacked up with a units distance between them i 
aa high as the length of BO, so as to form a cube each side | 
of which is equal to BO. It appears as if what the average J 
man from general experience has been locking upon as a ' 
solid of three dimensions is after all composed of mere lines 
of force, — a proposition which at first blush appears to take 
the ground from under our feet. But after all it is not so 
startling in this day of the aeroplane. 

134. Again suppose that the accelerating force AG = 1, in- I 
stead of operating in the plane of the paper as we have I 
ireaented it, was operating on O, from the point A, belowl 
in the axis zz, which is supposed to be drawn perpendica- J 
to the plane of the paper: if we made a similar geometriol 
construction on it and BO, as we did with AO and BO, t 
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that would throw the point D Htraight up iu the air to fte | 
position D,. 

Now we may repi-eaeot by (ho syiubol i =; \/ — i the fact 
that tile aeceleratiiig force A,0 18 operatiiig at right angles 
to the plane of the paper and above ur below it inate 
in it. If so, equation (1) becomes i 

(4) OD, = y'^±s V"^^ 

or y' = is. 

whieh is a so called imaginary square. The result reached 
is imaginary only in the sense that y' = OD, docs not lie 
in the plane of the paper, but in a plane perpendicular to 
that plane. This principle is made the basis of Sir W. R. 
Hamilton's quateroions. 

135. There is no simple geometrical device by use of only 
dividers and straight ruler, whicli will enable us to extract 
the cube root of a line by construction. That is one of tlie 
standing unsolved problems handed down to us from an- 
tiquity. It involves the same question as the tri-section of 
an angle. The trouble is that, just as the extraction of the 
siiuarc root ^ves two roots, so the extraction of the enbe 
root gives three roots. The dividers and straight ruler will 
solve the problem of finding the two square roots < 
have seen, 

If we were given the problem of extracting the cabl 
of the line OE, and the known unit of measure, an^ 
privilege of using draftsman's triangles, the coostniction 
can be made. We would construct the axes as indicated in 
Figure 36. We would lay off AO = 1. We could then take 
two transparent draftsman's triangles, and by trials adjust 
them in reference to the axes so as to make their riglit-anglea 
corner at B and D, respectively, at the same time t 
respective sides just touched respectively at A and ] 
this way we would locate the points B and D, which g 



uler will 
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Tliat wouid give one of the cube roots sought. The t 
rcctUL'SS of the resnlt woald deptnd on our ability to adjust 1 
the triangles accurately. There are several mechauical de-f 
vicea which will accomplish luore perfectly the same ends. 

We may express this value by a ^ a where u^ = a". 

The vulue of the other two roots can be determined b; 
I alf^bra when the value of the one ia known, as follows : 

I If a is the value of the known root, then we may place: 
u' — a' = 



u" — o' 



perfonning the div 



(5) 
(6) 



u =^«( - 



-3) 



I we get 

a(-i±iy/- 
1.732 . 
2 

From which it will be seen that these other two roots are 
what wii call imaginary. In fact they represeiit as much 
reality as does the otlier; they simply do not line in the samo 
rUne. 
We can construct these two roots from equation (5) as 
[lows : 

Draw the axes XX aud ZZ at right angles to each other 
(Pig, S"). We will understand that OZ stands straight up 
in tbo air, so to speak, lyintr iu the present plane of the 
■, and perpendicular to the plane of the paper as we 
idered it wiicn gettiug the so called real root. We can 

only the traee of the former plane, or plane of reality in 

thfi line XX. OD = o will i-epresent the real cube root of J 



rea 



in IDO : 

adei 
wil> 



_ With the radius OA = 1 describe the circle as indicated. | 
off the chords A&I ^ AN = 1. The angle AOJI = ] 




AON and each will be 60°, since they are spanned by the 
radius. For which reason OS equals half the radius, or 



SM = VOM' — OS^^V 1 — i = i VT 
or Sil = i V^^ 

when we take into consideration the direction, and 



(7) 
(8) 



SN = — i V — 3 
OS + SM = — i + J V^^ 
OS + SN= — i — ^ V""^^ 



Equality here must be interpreted in the sense of equtvaleni. 
That is to say, if we suppose that a flow which, starting out 
from 0, would have proceeded to A, but had its direction 
clianged at S, so as to produce two flows in the directions SH 
and SN, they would in the given time reach M and N re- 
spectively. We may consider that OS and SM are simply 
component forces the resulting action of which is to take one 
flow from O to M ia the path OM. Similarly we may regard 
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OS and SN simply as foraponent forces which take the other I 
branch flow from O to N iu the path ON. So that if we f 
regard these roots as resultant positions due to tiows, then I 

0N= — J — ^ V — 3 

We may lay off OJ = OK = OD = a tlie value of the 
root first found, and we will have 



I. 



19) 
(10) 



0J = «(— i+iV^) 
OK = a (— J — 1 V— 3) 



e see therefore that the other two cube roots formerly 
Ibought to be imaginary have precisely the same vector 
leuglli as the real root, and they are measured from the 
same origin, but their direction is in planes inclined at 
of 60" to the so called plane of reality. 
Had we taken u' ;= — a^ the first root would be u ^ 
equations (0) and (10) would become: 

(U) OJ, = a(J — iV^) 

(12) 0K, = a(J + W-3) 

\ It will be noticed that these three cube roots have a close 
lation to the equilateral triangle structure of the ether. 
The above principles lead us to the curious thought, that, 
perhaps all of our matliematical principles are but ex- 
pressions of the manner in which the flows in the ether struc- 
ture takf pluw. 

!.'{<]. Reciprocal Relation Between Action and Reaction 

Flows in the Stress-lines. — We have heretofore seen that 

HTcry Ktuudard stress-line of the ether structure is composed | 

J two flows passing through it in opposite directions. Sini-o J 

S circular motion is at right angles to the direction of the I 

, the lalcTal prcs-sure in the stress-line is due to the com- ] 
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bined pressures of the two flows. Between any two points 
in tile stresB-line where there is no loss of energy, we may 
regard the stress-line as a tube, at every cross-section of whicii 
the total pressure or energy within the cross-section is con- 
stant, but the configuration of tlie cross-BeotioQ may be differ- 
ent. We may designate the flow in one direction as the 
direct flow, and that in the opposite direction as the reaction 
flow. For simplicity of illustration we may suppose 
the cross-section of the stress-line is rectangular. 

Let ABCD, Figure 38, be the cross-section of such a 
line, of which BC is a unit's length. 

On the principle of the 
resolution o£ forces, we 
inaj' consider tliat the 
forces operating in the 
area ABCD are resolved 
in two directions at right 
angles to each other, and 
wc may consider that the 
pressure P in the line AB 
is due to the lateral pres- 
Figure 38 sure in the direct (low 

passing through the tube 



reaction 
3Se t^^ 

.4 



in the direction BF, and that the linear pressure Q in 
the line BC is due to the lateral pressure in the reaction 
flow through the tube in the direction KB. By reason of 
the diffusion of the energy through the small stress-lim-s 
the pressure represented in the whole ami ABCD will be 
represented by AB X BC, or by P X Q. or PQ. 

We may represent this constant lak-ral pressure 
standard stress-lines by unity, and we will have on the ; 
pies of section 132 

PQ = 1 or Q^4i or P^; 
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Auil We will baVG also 
f-l^' = 1 or 



Q' = 



1 



P'=^^T 



"hat is to say, the pressures of the action and reaction fimot 
. the stress-tines at any cross-section are the reciprocals 
pf each other. 

Tlus is a very important propositiou, and the verificatioo 
of it will 1)0 found in the results hereinafter reached troi 
applications of the principle. It rests fundamentally upon- 
the fact that there can be no vacant space, and that the uni- 
formity of the lateral pressures in the streBS-lines will be 
inaiDtained by the controlling flows coming from a universe 
of stars in infinity. Thus we may increase the direct flow 
ing through the tube of the stress-line in one directiou, 
8 will decrease the reaction flow passing through 
e tube in the opposite direction. 
Since action and reaction are equal and in opposite dii-ec 
Ions, it follows that where the direct flow in any particular 
nbe is incrcaseil from the normal, that part of the ei|ual 
taction flow which does not pass through that particular 
1 must pass in its appropriate direction in a paralld, 
'■ or more frequently in a roundabout way. 
We are accustomed to think of a uniform tube as of equal 
KlioDal area. We can tliinli of the tube of the standard 
tresa-lines as having a constant unit lateral areal pressure 
iny cross-seiilion, but configuration of the cross-sectiou 
ying as P and Q vary. 

^ represents a \uiit length of the atress-Une. the total 
■ pressure represented in thai much of the stres*- 



I 



[ne would be 



PQX1 = 1 



PQ = 1 



I That is to say, PQ = 1 wil! represent also the whole 
bergy in a unit leugth of the Btress-line. 
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In the foregoing discussion, for simplicity we took the 
cross-section of the stream line tubes to be rectangular, or 
sqnttre. 

The same prineiples would apply If we assmne that the 
crosa-aeetion ia elliptical or circular, which is more in accord 
with symmetry. 

Thus, if the cross-section of the tube is an ellipae, the 
major and minor axes represent the linear prrssuree F and 
Q, and we have for the area A of the ellipse, represeutinii 
the total or areal pressure 

,r, A 



xPQ = 



or 



PQ- 



constant , ,^^^| 

itant for aIL^^| 
re, to be Ui^^^f 



We may take this pressure, which is constant for aOM 
standard stream lines of the ether structure, to be i 
and thus, as before, we have — 

If now we suppose that under certain conditions, more 
tlian llie normal amount of direct flow is forced into the 
tube, it proportionally shuts out the reaction flow, and when 



= P^ 



That is to say — when the minor axis of the ellipse becomen 
zero, the major axis becomes infinity. Which is another way 
of saying that when the tube of the flow becomes blocked so 
that the direct flow fills the whole unit capacity of the tube, 
the pressure is irresistible in a line at right angles to the for- 
mer direction of the flow, and the flow proceeds in that direc* 
tion. 

It is also important to bear in mind that when two flows 
P, and P; proceeding in the same direction, are forced into 
the same tube, the resultant pressure is P, X P». »iid it is 
found by multiplication and not by addition. The E 
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I of a pressure may not always mean an increase of pressnre, 
Lnnct' the number sc|uared m^y be a fraction, in which case 
I squaring it would give Qumerically a smaller value. 

136 (a). The principle of the reciprocal relation between 
I the direct and reaction lateral pressures in a flow in the ethfl) 
I ■tress lines, can be predicated upon Torricelli's theorem: 

2gH = V', or (2H)g = V^ 

lirhere 2H^Q represents (see. 129) tht- reaction pressure 
mine to head, and g = P, represents the accelerative pressure 
T'e|)eratitig laterally in the flow. 

For Ihe normal flow in the ether stress lines, we have 

l'V^=l, and 2H = Q, is represented by the constant lateral 

■ pressure, existing in the ether medium (sec. 121) against Ihc 

rsides of the flow in the stress lines, while g ^ P is represented 

[by the accelerative force operating laterally in the flow due 

to the impulses which drive the current. As we shall later 

aee, these impulses are automatically evolved and continue 

in operation in the jets or waves seut off by and when an 

ether particle is set in revolution aroimd a centre; that is 

to say, when such particle is performing one of the functions 

of a material atom. Substitutingr for V the value V = 1 ; 

for 2H the value Q, and for g the value P, we have PQ ^ 1. 

The principles expressed by the Torrieelli and Beruonlli 

theorems will enable us when we know the accelerative force 

ind pressure in a flow in one direction, to calculate the ac- 

teleration and velocity of flow when the current is by some 

nperveniDg cause shifted at right angles. 



CHAPTER XV 

TTTE ETHER PARTICLE IN MOTION AS j 
AUTOMATIC MACHINE 

137. Motion in a Circle or Polygon (after Qanot). — 
Where a particle is traveling in tho tangent to a circle at a 
given instant with velocity V, in the absence of a pnll toward 
the centre of the circle there must be a continual application 
of force from tlie outside directed toward the centre, in 
order to swerve it from the taugeutial course and malie it 
follow the eircurafereuee as a path. This force is measured 
by the amount of velocity it would impart to a partiule of 
niiit mass in the direction of the centre of the circle 
unit of time and is represented by f, called the radi^ 
ccleration. If tho mass of the particle contains M anil 
mass, the whole force exerted is Mf. 

There are several different ways in which the relation 
between f the radial acceleration and V the tangential 
velocity of the particle can be determined. 

The following is adopted from Oanof, because it enables 
us to have a picture in our mind of what must be the opera- 
tion of the force required to maintain either polygonal 
circular motion, when we apply the principles iavoli 
our subject. 

Let ABCD (Fig. 39) be a regular polypon inscribed 
circle whose centre is 0. Draw the diameter BOM. Produce 
AB to H, making BH ecjual to AB. join CH. This line is 
parallel to BO. Draw CK parallel to BH, and GL at right 
angles to BO. Join CM. 

Suppose a body whose mass is M to deacritie AB with a 
velocity V in a tiiue t, and suppose that at B there ifl Bu< 
170 
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^H gradi 

^^P abort 
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communicated to it in the direction BO, a velocity V = ft, 
which is the aaine velocity as a force Mf would coinmunicate 
gradually in the same time t, it will move during the next 
abort time t, with the velocity componnded of V and ft ; now, 
since BII equals Vt, if f is such that H 

BK equals Vt or, which is the same 
thing, ft*, the body will deseribe 
BC in the second interval. 

It will he observed that as BC 
and AB are equal and are described J 
in equal times t, the velocity along I 
BC is the same as along AB, that 
is, the effect of the composition is 
to change the direction but not the 
amount of the velocity. When the 
body is at the point C we may sup- 
pose a velocity V ^ ft to be com- 
municated to it in the direction CO, and then at the end of 
the third interval the body will be at D. On this supposition 
therefore the body will describe the polygon ABCD with a 
uniform velocity V. Now from similar triangles MCB, BCL, 
ve have 

MB :BC::BC :BL 
JR iVt ::Vt :Jft» 




Figure 39 



therefore 

(1) 



-? 



The whole force would be Mf = 



R 

These conclusions are true for all values of t, and therefore 
also when t is infinitely small. 

Now by diminishing t we merely increase the number 
sides of the polygon ; therefore when t is infinitely ai 
the motion takes place in the circle, end the force 
acceleration f, acts continuously toward the centre. 



of 
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The above determinatioD of what must be the valud 
the radi&l acceleration in terms of the tangential velocity i 
radius, in order that the particle or body shall be made to 
revolve in a circle, la based solely on mathematical considera- 
tions, and does not undertake to account for the origin of the 
centripetal forces which may perform the required duty. 
It is true for all eases irrespective of the means used for 
creating the centripetal force. That force may be supplied 
by the pull of a string, to the end of which a small weight 
has been attached and made to revolve around a centre to 
which the other end of the string is attached. Whatever 
may be the nature of the force of gravity, it performs the 
same function in making the moon revolve around the earth. 
If water contained in a circular basin is set to revolving, 1 
reaction of the rim of the basin against the water tow; 

the centre, is centripetal force, and is measured by-p 

The foregoing demonstration from Ganot shows that cen- 
tripetal force, instead of being applied continuously, may be 
applied at intervals of time, in which case the orbit of the 
particle instead of being a circle will be along the sides of 
an equilateral polygon inscribed in the circle the circumfer- 
ence of which passes through the corners of the polygon. 

The big question up to which we are leading is the origin 
and operation of the centripetal force in the ether medium. 
We are seeking to determine the conditions under which if 
revolution of a particle around a centre O, with radius R 
and velocity V be set up, it will be maintained automatically, 
and the mechanism by which it is maintained. 

\Vhether the revolution be that of a "traveling wheel" or 
a light wave, or whether it be that of a stationary wave 
formed by two such traveling wheels meeting from opposite 
directions, constituting stationary particle* of the first higher 
order, the problem is the same. Obviously the mechanism 
must be such that the amount of energy radiated from t 
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wbeel ninst be exactly counterbalajiced by the work done i 
forcing the particle to keep the circular path. 
We will presently examine that mecbanism. 
138. The Machinery of Reaction. — The machinery by 
which reaction is accomplished when a flow takes place 
through the ether medium may be illustrated as foUowsiJ 

Suppose (Fig. 40), there be a flow of small sectional area, 

which we may conceive of as a traveling light wheel movinp 

in the direction OA and passing successively through tbefl 

centres of stationary particles BDE, FGH, etc., the planes of ■ 

^these particles being perpendicular to OA. The increase ofj 

Bttressure at C due to the flow of energy in OC to that point, I 

^ppDuld be partly relieved at C, by reason of the fact thstj 

^^■■■atiOD of the particle BDE around the ans OA, would 
catiae a distribution radially of the extra energy arriving at 
C, around the circumference of BDE. It would cause an 
increase in the centrifugal force operating in BDE, and 
theretofore in equilibrium with the centripetal force. It 
would therefore increase the radius of the particle, in effect 
storing up potential energy or elastic energy above the 
normal. 

As the remaining part of the flow passes out of the section' 
OC into CK, the pressure in OC would be lowered. Thi« 
would cause a reverse flow from the regions of higher pressure 
into those of lower pressure. The potential energy repre- 
■nted by the elastic increase of radius of BDE, would react 
I all aides in the plane of BDE, and the energy being 
reed back to the centre C would flow out into CO, the section 
[ low pressure, thus restoring normal conditions. In the 



Figure 40 
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meantinie that part of the flow which started at 0, and w 
was not dissipated in its passage through BDE, passim o 
the centre K of PGH, where aimilar action takes place. 

That the nniform arrangement of the standard particles 
in the ether medium, and as well the uniform arrangement 
of the particles of lower orders to that of the standard par- 
ticles, afford the machinery by which reaction is accomplished, 
and the dissipation of energy takes place wkeu a light wave 
travels through space, can not be doubted. 

We must bear in mind that every light wave, besides carry- 
ing particles revolving in a plane at right angles to the line 
of progression, also carries particles revolving in planes passed 
longitudinally through the axis of progression of the wave, 
in other words, polarized rays (see. 71) ; and this must be 
true down to the minutest force waves or bundle of stream 
lines which constitutes a flow as we have used the term. 

It is the polarized ray and the particles of the second 
order, which furnish the machinery of the longitudinal pres- 
sure in the light rays, and tliis action is due as we shall later 
see to the elastic action of centripetal and centrifugal force in 
the particles revolving in the longitudinal planes. It also 
furnishes the machinery for the phenomenon of reflection, 
and for the return or reaction How. On the other hand it 
is the revolution in the planes at right angles to the axis 
of progression, and the transverse vibrations, which give rise 
to the lateral pressures in the wave. The transverse shuttle 
movement enables waves moving in opposite directions to 
pass through each other. And when the tube of passage in 
the line of progression is blocked, it is the interaction of the 
revolutions in the longitudinal planes and in the planes at 
right angles which operate to shift the direction of the flow at 
right angles to the line of progression, and temporarily stores 
the energy by expansion of the radii of the standard particles 
through which tJie wave passes at the intersection of the 
standard stress lines. And it is the elastic reaction of I 
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etandard partiek-a which forces the continuance of the motion 
in thi! lUie of progression of the wave. This will be more 
apparent when we have shown the origin and operation of 
centripetal force in the ether atructure, and the relations be- 
tween the radii of particles of the First and Second Orders. 

139. Transference of Pressure From a Centre of Radia- 
tion. — Suppose a source of energy at (Fig. 41) be sending 
off waves in every direction. For simplicity we wiE cona dflt' 




a pencil of rays which at the distance OA = 1 covers the sec- 
tional area ABCD in which we may take AB =^ AD, and 
since light rays proceed in straight lines, must at the distance 
OA, = D cover the sectional area A,BiC,D,. 

The energy radiated had its origin in the motion in a 
plane or planes, and we may reaolve all the pressures oper- 
ating in the area ABCD into two pressures in axes at right 
angles to each other, and at right angles to the line of pro- 
gression of the waves. 

Since we are taking the case where the distribution of 
radiation is uniform, we may take the pressure in the line 
AB due to direct flow as P, and that in the line AD also as P. 

The pressure in the area ABCD due to the combined action 
of the two systems of radiation will be P* (sees. 132 and 136). 

In proceeding outward the energy which was spread over 
the surface ABCD is, when it reaches A,, spread over the 
mneh larger surface A,B,C,D,. 

The pressure P wliicb was distributed through AB is 
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dietributed through AiB,, so that the amount of energy or 
pressure in AB and in A,B, per unit length will be invei 
proportional to the lengths of AB and AiB,. If Pj be f 
pressure per unit length of A,B, then 

P, : P::AB :A,B. 
Bnt OA :AB::OA, :A,B. 

1 :AB::D:AiBt 
OF A,B, = ABXD 

P, :P::AB :ABXD 

or Pi = ^ 



D 

Similarly the pressure in AiD, is 



On the pnnciples of section 136 the whole presaiu 
A,B,CiD, due to direct flow is : 



(1) 



D* 



That is to say, the intensity of pressure per unit i 
which at A was P* decreases inversely as the square of tha 
distance. 

IE now we suppose that the radiations from take place 
under conditions which confine the divergence of the rays to 
a single plane, as for instance if we were dealing with radi- 
ations sent off by a single particle which was distributing 
them radially in the single plane A,OB, and if P be the 
pressure in AB, we would have as before 

as the formula for transference of pressure in a single plan e. 
This transference of pressures from one point to a 
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where the distribution of radiation is being made in one I 
plane ia of high importance, and may be expressed by 



(2) 
(3) 



D 

= P,D 



Since the relation between the direct and reaction pressure ia i 
always expressed by PQ = 1, we also must have 



(4) 
(5) 



H. p 
^ D 



PWe may express these in the form of a rule as follows: 
Where pressures are being distributed by flows in one 
plane only: 

(a) For the direct pressure, in passing from a centre of 
high pressure to a point of law pressure we divide the pres- 
sure at ike high point by the distance between the points, to 
get the pressure at the point of low pressure. 

(b) For the direct pressure, in passing from a point of 
low pressure to a centre of high pressure we mulfiply the 
pressure at the low point by the distance between the points, 
to get the pressure at the point of high pressure. 

For the reaction pressure we do just the reverse of 
i above. 




178 



THE UNIVERSE AND THE ATOM 



The mechanical proposition involved in the above rules | 
may be physically illustrated as follows : 

Suppose that a certain amount of energy represented by S 
completely fills the rectangular parallelopiped ABCDQ (Pig. J 
42). MakeOA = AB = liH = ni = U=JK = 
may put the lateral pressure BC = P, then 

M = GAX ABXBC = 1X1XP = P 
If now the same amount of energy is allowed to Sow 1 
through the conduit and distribute itself with uniform in- J 
tensity in the parallelopiped AKSNG, we wiU have 

M = GAXAKXKS = lXRXPi = PiB ] 
Equating the two values of M, we have 




or P. = | 

The rule is after all based oa 
tlie old proposition that "water 
will seek its level." 

140. Origin and Maintenance 
of Centripetal Force. — Let us 
^K suppose thut we have a particle 
of the Second Order whoae cen- 
tre A, Figure 43, is revolving 
around a centre 0, in the plane 
of the paper with velocity V,. 
We have drawn the small parnl- 
lei and obliquely parallel lines, 
in the plane of the paper, to rep- 
resent the standard stress Unes 
of the ether. The motion of A 
around carves out a particle of 
the First Order, and if this p«r- 
tiele be a sta-lionary 
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ll«f the First Order, there must be two equal and opposite 
f flovm passiog out of its uentre in the direetions OZ aud 
JOZ , in the line perpendicular to the plane of the paper. 

These flows must be supplied by a flow from A to O and 
I from B to whieh are shifted at right angles at 0, and pass 
|oat as two eqoal wings in the directions OZ and OZ,. 

We have seen that in order to keep the partiele A of the 
unit mass in its circular path around there must be oper- 
ating on A, in a unit of time, in the direction AO, a ceu- 

V 

tripetal force f= •=-. We have also seen that the ethei 

■tnedium is itself under great uniform pressure in all direc- 
I lions. It follows that if there is a flow from A to 0, and thi 
I pressure at that point by any means is relieved by the shift- 
I ing of the tiow at right angles and out of the plane of revo- 
I lution, the exterior pressure of ihe medium on A toward 
I would push A toward that centre, and there would be auto- 
I matic continuance of revolution of A, provided the relief of 
I V' 

Ij)res8nre at A is just equivalent to ~ in a unit of time. 

B In a unit of lime, however, the particle A will have trav- 
■eled through a certain distanee AK = V,, and if we desire 
■to get the pressure due to centripetal force in any given 

■ radius AO at a particular instant, we must divide the een- 

I . v . 

I'tripetal force -J- operating for the unit of time by V,. So 
I ^ 

I y 

■ doing, we get ~ as the pressure at A toward the centre 

■ which muat be relieved by a flow in the radius AO toward 
I the centre at the given instant. 

I Now tiiis radial How toward the centre is brought aljout hy 
■,tb« low pri'«snre at 0, due to the flow shifted out of llie plane 
Ko( the paper at into OZ and 0Z„ at right angles to the 
■pltt&e of the paper, it may lIuTcfore be considered as a rc- 
■sctioo flow which gets an increase of energy from every 
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stresa-line which it cuts between A and 0. Tijc transfer J 

V 1 

the prcasurc ^ from A to O will therefore be conlrolledl 

rule (c) reverse of (a) {sec, i:i3). That is to say, the [ 
sure P, at a unit's distance from will be 



R 



= V,. 



her^ 



Or if we want the value of this pressure through a unit 
time it will be P,' = V,^ 

That is to say, the eeutripetal force, exactly sufficieut to 
keep the particle A in a circular orbit, will be maintained 
when the velocity of the radial flow toward the centre O, 
measured at a unit's distance therefrom, is equal to V,^, the 
square of the tangential velocity of the particle A, 

The question naturally suggests itself, what ia the nature 
of the force or forces which cause the shifting of tlie radial 
flow at right angles out of the plane of revolution of the 
volving particle t 

If we suppose two particles A and B forming a ci 
revolving around 0, the radial flows from them would 
at O in collision, and at the same time each would block 
the other, which must cause a shifting at right angles 
on the principle of section 136. Something similar to this 
is what takes place when a jet of water impinges on a plane 
surface in a direction normal to the plane {Hydrodynamics, 
Enc. Brit, 9th Ed., p. 512). 

We have every reason to believe that there are six particles 
of the Second Order forming three couples, revolving in the 
periphery of every particle of the First Order, due to 
hexagonal structure of the ether. 

If we impose the condition that the outflows in OZ 
OZ, shall be the unit flows of the standard stress lines, 
can obtain the values of the pressures in OZ and OZ, de- 
rived from the radial flows shifted through 0, by Torricelli'a, 
formula V* = 2 gh. 



I By section 136, gh 
tinder tliat ronditiou. 
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-1 for the standard flow. 



= V2 



If we desire to give expression to the idea that the flows 
in OZ and OZ, are at right angles to the plane of the partl<;le 
of the First Order, we may put : 

2gh = — 2, and make g=^h. for the standard flow, 
we have: 



g. = . 



This expresses the unit flow shifted into OZ and OZj at 
right angles to the plane of revolution. 

It is evident that the value of V, will be at a maximum 
when V, = Vli because the outlet, at right angles to tlie 
plane of the particle of the First Order at 0, for the pressure 
occaaioued thereby, will be bloeked when the pressures due 
to the outflow in OZ and OZ, are equal to unity, the stand- 
ard flow iu the stress lines. Any further pressure applied 
. jniddenly and periodii^ally on the exterior of the particle of 
e first order, directed toward 0, must result in a train of 
^eta or waves beiug sent off either from the centre of the 
■article of the Second or Third Order. But that subject will 
e considered later. 

t will be oh8er\ed that the pressure in the flow sent off 
•om the centre of the particle of the First Order is inde- 
Wndent of the value of R. 
II, therefore. Vi = y/'Z so that the outflow from tlie centre 
r the particle of the First Order shall he the unit flow in 
B Btreas lines of the normal ether structure, we may state 
lat: 
(a) A standard etlier partiele revolving around a eeatre, 
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anH whose automatic revolution is luaiiitainet] only 
Htiiiidiird flow from the surrounding Belil, suuils off a 
from the cpiitre of revolution at riglit ougk^ to the plane of 
revolution, and the inteusity of this flow equals unity, what- 
ever be the length of the radius of revolution, 

(b) If there are a number n of suck particles revolvina 
in the same plane, around the same centre, tkotigh each may 
have a different radius of revolution, the intensity of 
whole flow at the centre would be n. 

We have thus reached the conclusion that in order' 
the motion of the particle shall be maintained coutinai 
by the regular flow of the ether medium, the tangential 
velocity V, of the centre of the partiele of the Second Order, 
at least for one value, is iudependeut of the value of R„ The 
radius of the particle of the First Order, and is, in fact, 
eiiual to the square root of 2, 

The essential feature for the maintenance of automatic 
action is, as we have seen, that the pressure for a unit's time 
in the flow passing into the centre of the particle of the First 
Order at a unit's distance from that centre is equal fo the 
square of the tangential velocity of the centre of the particle 
of the Second Order in its orbit. 

141. The Relations of the Radii of the Particles of the 
Successive Orders to Each Other, — Let us suppose that 
ADBE, Figure 44, is a particle of the Second Orticr the 
plane of which is perpendicular to the plane of the pajwr. 
The centre C of this particle is revolving around in the 
plane of the paper with radius OG ^ !£[ in Ihe direction CX 
with tangential velocity V,. It is the sweep of this radius 
which carves out the particle of the First Order. FGIII is 
the particle of the Third Order whoee centre A is traveling 
with tangential velocity W, in the circumference ADBE. 
The plane of FOIII is always perpendicular to the plane of 
ADBE, and twice in one revolution around C, that is, Onfie 
at A and once at B, the plane of FOHI coincides 
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jie of the paper, or plane of the particle of the First 
Order. There is a particle of tlie Fourth Order H whom J 
centre is traveling with tangential velocity W^ in the ci^l 
cumference of FGHI, etc., etc., to the infinitesimal. 

We may place CA = r„ AH = r,. The tangential veloc- 1 
ity of the point A in the direction AT may be designated I 
bbV,. 

Let OS assume, as in section 140, that the conditions exist 1 
for maintenance of the circuit motion of C about 0, in thai 




Figure 44 

plane of the paper, that is to say, that the flow is toward O, ] 
and that the pressure P,, at an instant of time at a unit's ) 
distance from is equal to V,, That is P, ^ — V,. 

Under the principles established in section 140, the pres-J 
sure at C, as affected by the relief of pressure at O, will t 

y _ 

Pj = -^ . By reason of the revolution of the particles 

ADBE around C, this pressure P, will be distributed radial 
aroiiDd the circumference of ADBE. 
LOn the principles of section 133, the pressure P, at any I 
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point A in the circumfereDce ADBE, at a particular instant, 

P 
will be: Pi ^= — ' . And since the particle at A is revolving 

with velocity W, in AQ, the pressure in a unit of time, or 
centripetal force f, operating in the circle ADBE will be : 

f, = P,W. or f,^p,^> = — J'x— 'or:— 

Now we know that the point A is revolving in the circle 
ADBE, 80 that r, is constant, and C and A maintain the 
same distance between them. The pressures, therefore, oper- 
ating at these two points interacting between tbem must be 
equal. We must have f = f,. Bat the pressure at C per 
unit of time is : 

— V 

f= -s^ and that at A is: f,= 

R. r. 

(2) Vi» = ^Wi*. 

But we must have also : — 

f — V.'— v.w, 
^'- E,- R,r. 

(3) v.* — -^ . Therefore :— 

r, 

5.-w,' = K. Or:— 

(4) R,r, = l 

or R.=i 
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I (a) In other viordx, the. radii of ike particles 
t Second Orders are reciprocals. 



Bget 
(5) 



W.= 



R. 



|.(b) That is to say, the tangential velocity of Ike particUM 

f the Second Order is equal to tke angular velocity of ths I 

particle of the First Order. 

Again, All=;r„ the radius o£ the particle of the Third ^ 
lower Order, must bear the same relation to r„ the radiua I 
of the particle of the Second lower Order, that the latter I 
bears to Ri, the radios of the particle of the First Order, I 
That is: 






:B, 



R." 



(c) Tkat is to say, the radius of the particle of Ike Third I 
■Mcer Order is tke reciprocal of the cube of the radius of ths \ 
^mrticle of tke First Order. 

Similarly we obtain the values r, ^^ « , r, = ~, etc., etc. 

Again, if Wj be the tanprential velocity of a point H mov- 
ing in the circumference of the particle of the Third Order, 
then because the particle of the Third Order bears the same 
relation to the particle of the Second Order that the latter 
t to the particle of the First Order, on the principle 
bted in (b) above, we must have 
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or by substitution from (4) and (5) 
(7) ■W, = V, 

(d) That is to say, ike minute particle of the Fourth 
Order at B has the same tangential velocity V^ in the drde 
FOIII that C has about O. 

There is nothing iu what we have already said to deter- 
mine whether the particle of the Fourth Order moving in H 
is revolving in the same direction as C is revolving, say to 
the right, or whether it ia revolving in the opposite direction, 
say to the left. 

// we regard the particle of the Third Order ax a smaU 
wheel rolling against the viaU of the ether medium, the direc- 
tion of motion of the particle of the Fourth Order moving 
in its circumference would be to the left. 

Now the point A has the same angular velocity about 
in the plane of the paper as tlie point C has, and therefore 
the tangential velocities to the right at these two points are 
proportional to their radii. That is, 

V, :V,::(R, + r,) :R^ 
V.(R, + r.) 

R, 
_l 



m 



v,= 



(9) 



= V,+ , 



wu puuiia and 



aud therefore V, differs very slightly in value from V,. It 
follows that for large radii of the particles of the first order, 

3 may regard A as revolving to tlie right with practica 
the same tangential velocity V, as C has. 
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I If we compute in the same way the tangential velocity V, 
ivbieh a point at the centre of the particle of the Fourth. 
Order would have to the right by reason of the revolutioi 
of the particle of the First Order, we would have 



I 



(11) 



V. = V,(R,+r, + r,) 
R, 

^• = '^' + §+l'- 



For large radii =\ and =\ would be negligible, and tfaa 
IV, K, ^ 

velocity of the particle H to the right, by reason of the revo- 
lution of A to the right, would be practically V,. But we 
have seen (d) above that the particle II by reason of the 
revolution of FIGH to the left has a velocity of V, to the 
left. 

(e) /( follows that for large radii of ike particles of th» ] 
First Order, at least, the particle U of the Fourth Order i 
not Moving either to the right or to the left, at the particular j 
instant that the particle of Ike Third Order is in the plant j 
of the paper, that is, in the plane of the particle of the First.^ 
Order. 

It is without tangential velocity in the same sense, that ^ 
where a wheel is being rolled over a smooth surface, we say 
that the particular point on the circumference of the wheel, 
which at a particular instant is in contact with the surface, 
has no tangential velocity for that instant. 

This proposition is very important, and enables us to treatj 
the motion of H at the particular instant it is in the planol 
of the paper as negligible, I am inclined to the belief thai 
the proposition is true eveu for short radii because of subae 
quent considerations, the corrections to make it so being dot 
to the increase of the lengths of the radii of the second, thirc 
and higher orders of particles when the value of B is dM 

JL 



•d, which follows from the expression r^ = 
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142, Equation (9) of the preceding discussion may be pat 



(12) T^ = V. 



= viK.Hl) 



where V, is the tangential ? 



ity of A in the direction AY. 

If f, be the distance per unit of time through i 
must be deflected from the tangent AS in order to keep it to 
the circular path AY, it represents the centripetal force in 
respect to the circular path AY which must he operating on 
the particle A at the particular instant that the particle is 
in the plane of the paper, and its value at that instant must be 

f — v.* - R.V.' 

'" R,+r, -R,'+l 
Substituting the value of V, from (12) and reducini 



(13) 



!,• 






Since this force is operating toward the centre O it a 
have the negative sign, that is 



(14) 



fi = — w - 



of the particle at the centre is only - 



, it follows that 



Now we have already shown that the force operating at A 
in a unit of time, in the direction AC, due to the Sow out 
V.' 
" R/ 

there is another force operating at A in the direction AO from 
a different source, and which must give the acceleration 

K,- 

We must endeavor to find it. 

Let us recall the principle of Barter's Mill (sec, 131). 
The centre A of the particle FGHI is revolving abont tfat 
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int.'© C, and that particle in its movement throngli 1 
lium is in the aituation of a. fan having an orifice at t 

mtre revolving rapidly through the air. There is a prai 
s at the centre due to that revolution precisely as in th| 
e of Barker's Mill. We may consider the effect for prea 
cnt purposes as if the particle were stalionary and thei 
were a flow through it with the tangential velocity W, whid 
is the velocity of A in the circumference ADBE. This force^ 
will be operative at the instant under consideration in t 
line of intersection of the plane of ADBE and the plane € 
the paper, that is in the line OH, and the flowH representin 
the action and reaction will be in the two opposite directiom 
AF and AH. and will be equal. 

The particle at H is not moving tangcntially in the plai 
of the paper, and yet it is under pressures which would givil 
it tangential velocities of V, in opposite directions, as w^a 
have seen. 

The entire energy of that particle, represented by V,^ 
concentrated in a pressure at H in the line AH by the tlovl 
from H to A, which must pass out of the centre A as a jet or" 
wave perpendicular to the plane of the particle of the First 
Order, and perpendicular to OH at A. We shall have more 
•.to aay about that later. 

Now if P = Vi' be the pressure at H, the valne of this 
lUre at A at the distance AH ^= r,, see (b), section 132, 



(15) 



p = - 



llue of the presaore at A in the direction AO is : 

R," 

which is exactly the additional amount of acceleration in t 
direction AO required to make the path of A in the directioi 
AY circular, as shown by equation (14). 

In thus accounting for the origin and operation of c 

erifieation of 
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our hypotheais as to the nature of the ether 

ind of particle mechaniam. It will receive a still 

' ve :ation when we apply the results here estab- 

t the reciprocal relation of the radii of the particles 

I" orders to the solution of other questions, which 

re been inexplicable. 



CHAPTER XVI 

^ANDARD PARTICLES SET IN MOTION IN A| 
PLuVNE AROUND A CENTRE IN THE ETHErI 
STRUCTURE. DERIVATION OF BALMER'S FOa.| 
MULA 



143. Let ufi lay ont the equilateral system of the ether | 
Btrueture as illustrated in Figure 46. 

At every comer of the equilateral triangles there is 
standard ether particle. 

Let us suppose that one or more of a series of particles 1 
whose centres are A,, Aj, Aj, A„ Aj, etc., could, by the appli- 
cation o£ some extraneous force not usual to the ether struc- 
ture in its normal condition, be set in revolution around the 
centre 0. From our previous investigations we have seen J 
that there are conditions affecting the relations of the tan- 1 
gential velocity of the particle, and the length of the radiu% I 
which would cause that revolution to he maintained auto* I 
matically by the regular unit's flow of the ether in the stress- 1 
lines. 

Each of the successive rings would be, according to the 
general nomenclature we have been using, a particle of the 
First Order, and the particles whose centres are at Ai, Aj, 
A„ etc., would be particles of the Second Order. 

If we consider the path of revolution ot any one of these 
particles of the Second Order, say A„ we see that it would 
come into collision with the particles B3, Cj, Dj, E„ and P„ 
situate at the comers of the polygon B„ C^, D„ E^, Fj, andJ 
A„ if ouly the particle Aj were in revolution. But since eadlj 
of these particles of the Second Order has the same mass, 1 
collision between A, and B^ would, under the law of elaatiol 
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colliaiou bring A, to a complete stop in the position of B„ 
and Bj would take up the motion precisely &s if it were A„ 
etc. Or we might consider that the particles would behave 
as vortex smoke rings, i.e., B^ expands and A^ passes on 
through its centre, any loss of energy which A, may have 
sustaiued in passing from the position A^ to B^ being sup- 




Figure 4B 

plied from the pressure of the surrounding medium throngG 
the stress lines at B„ and through the pressure to which A, 
ia there subjected. 

On the other hand we may consider that each of the six 
particles in the polygon is in revolution with the same veloc- 
ity around 0, and that after they were set in revolutioa tj 
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general flow in the stress lines has established other standard'! 
particles in their former plaL'es. 

It is not necessary at this time to settle that question; it 
is snfficient for our present purposes to say that we have 
established tliat the revolution of a single particle such as A, 
(belonging to a couple), when aet up, will be automatically 
maintained. Therefore we will for tbe present, for simplic- 
ity, treat the matter as if only one particle were iu revolu- , 
tion in any one orbit. | 

144. Wave Lengths of the Waves Sent Off by an Ether J 
Particle Set in Revolution. — We may now consider that any I 
one of the centres of tbe particles of the second order A„.l 
A;, Aj, etc. (Pig. 45), corresponds to the centre of the 1 
particle of the Second Order ABCDE (Pig. 44 of see. 141), I 
and we will recur to tbe motiona and Sows taking place as I 
tlierein we found necessary in order that the automatic action J 
^^£ the particle in revolution should be maintained. I 

^vBy reason of the revolution of C about (Fig. 44) there i 
^B a laUral pressure in the orifice C equivalent to a flow. I 
^^tTid by reason of the revolution of A about C there is a I 
lateral pressure in the oriflce A equivalent to a flow. Ag i 
already seen (see. 141, (e)) the particle H is stationary in I 
iBpect to moving either to the right or left for tlie instant ' 
E time that it lies in the plane of the paper, and this is the 
tcise instant of time when, as we shall see, the impulse 
ing from the reaction flow passing from C to A, due to 
i centripetal force, is shifted at A, and passes out of the I 
3 at A at right angles to tbe plane of the paper, as a J 
I or light wave, in the opposite direction to that in which J 
B centre A is revolving in ADBE. The problem is to find I 
B eqnation of this wave so sent off into apace. I 

The problem is practically the same as that involved inl 
finding the velocity of the water jet sent off from a revolving 1 
Iswu sprinkler or Barker's Mill (see. 131), J 

^vWe buvu heretofore seen that in order that tbe centre Oa 
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shall, while in revolution, be continuously defl«ted from the 
tangent CK and forced to follow the circular path CX, that 
there must be operating at C in the direction AC a cen- 
tripetal flow or pressure equal to -=f per unit of time. This 
flow comes from the orifice A of the particle of the third 
order. Transferring this pressure from C to A by the prin- 
ciples of section 139 and representing this component at A 
by the symbol g„ we have 



(1) 



^'i R ^ R ~ R • 



at A I 



"We have heretofore seen {sec. 141, equation, (5)) that A 
is revolving in ADBE in the direction AQ with a velocity 






This revolution creates a lateral relief of prea- 



sure at the orifice A, which is equivalent to the pressure 
which would be created if there were no revolution, and 
there were a flow through the orifice with velocity W,, We 
may represent this lateral pressure due to revolotiflK | 
byh,. 

Against this flow through the centre A there is op«l 

v» 

the continuous pressure g, =^ p^ acting as an accelei 



while h, acts as head pressure, 
mala V ^= 2 g,h, we have ; 



R.-' 



So that by Torrecilli'a for- 



(2) 
(3) 

w 



= 2g,h, 



These pressures gj and h, are lateral pressures at A in ik* I 
intake flow due to the component of centripetal force and 
revolution, and operate in opposite directions, bo that if UK | 
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preBeQt by h, the total effective lateral preaaure at i 
orifice A of the intake flow, we have : 



(5) 
(6) 



i..=i- 



h,= 



i_Yi! 

2 R,- 
R.'— 2V,' 



I' 
<■' "■- 2R.' 

146. Now, since there must be a reaction flow for everyl 
rect flow, there must be passing out of the orifice A in the ] 
opposite direction to AQ a wave or jet seat off into space. 

We may represent by hj the pressure in this reaction flow 
at the orifice A, and on the principles of section 136, h, will 
B the reciprocal of h„ and we have: 



i 



(8) 



-2V.' 



If we represent by gi the acceleration operating on thi 
oatflow wave, for similar reasons it will be the reciprocal 



(9) 



^'"^rt- 



Let Z, be the velocity of the jet, or velocity of progressiow 
the wave sent off through A, actuated by the head prei 
rnire h, and acceleration g^, then by Torrecelli's formula i 
have: 

(10) V = 2g,h, or: 

Or we may for convenience retain for —-, the symbol g 
denoting the operative acceleration g„ and put the equation 
indcr liic form : 
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Z.'_ 4R.' 
g R,*- 2V/ 



In the above equation -^ is, according to section ] 

pressure due to tlie velocity of flow of the outgoing wave. 

Now from the general equation expressive of tlie relations 
existing between acceleration, wave length, and velocity of 
progreeaion, which must exist in all transverse wave motion 
(Appendix, 198-200) where Z, is the velocity of the wave 
progression, g is the acceleration operating in the wave, and 
A the wave length, and which is applicable to light waves, at 
least at their launching (sec. 200), we had: 



2t 



Equating (12) and (13) we obtain; — 



(14) 



/ R,' 



! referenc^^ 



For the purpose of identification for future 
will designate equation (14) as Erwin's Formula, expreadve 
of the wave lengths of the radiations sent off by standard 
ether particles revolving around a centre for any assigned 
value of the radius of revolution of the particle of the First 
Order. 

146. We have heretofore seen (mc. 136 (a)) that in order 
that the flow from the centre of the particle of the First 
Order shall be equal to unity or the normal flow in the stress 
lines of the ether structure, we must have V, = V^. 

Substituting this value of Vi in (14) and we have 



(15) 



i^^) 



standabo pabticles set in motion 

Bat this 18 precisely Balmer's formula (sec. 86) except^ 
tat the constant 8ir is expressed in the fundamental units of 
the etlier structure, that is the sides of the standard equi- 
lateral triangle, whereas the same thing is expressed in centi- 
meters in Balmer's formula: 



(16) 



= 3646.13 



(^ 



xio-« 



"We cODclnde, therefore, that : 

&« standard linear ether units = 3646.13 X 10" cm. 
8646.18^ 



One standard linear ether anit = 



- X 10-' cm. 



One standard linear ether unit= 145.07 X lO"* cm. 

In other words, we have measured the length of the side 
of the standard equilateral triangle of the etlier strueture. 

147. Why Light-waves of All Wave Lengths Have the 
Same Velocity of Progression.— The general equation appli- 
cable to all waves carried on by transverse vibrations (see. 1 
1S8) and which we have utilized in equation (13) of section J 



in whieh Z, represents the velocity of progression and A the 
wave-length. We see that Z, varies as A varies. But, as 
pointed out in section 200, light waves of all wave lengths 
travel with the same velocity of progression. This apparent 
contradiction has been a puzzle to physicists and mathe- 
maticians for more than a century. Observed facts, as well 
as Ualmer'a formula, whieh we have reached and justified, 
show that light waves of different colors have and must have 
(Uffcrt'ut wave-lengths. 

Let U8 see if we can find a satisfactory explanation of this J 
■eeming inconsistency. 

Referring to section 136, we there showed that the i 
tiona of the direct and reaction pressures in the atsi 
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unit volume of the standard stress Uaies of the ether 
i8 expressed by 

If we suppose that the nnit volume or tube of the standard 
stress line is, if it could be, at auy iustant entirely filled b; 
the direct flow then Q = and P^oc. 

It follows that for that instant any effort of any other flow 
to enter that sectional tube of the stress-line under consider- 
ation would be resisted by an infinite pressure. 

Now referring to Figure 40, seetion 138, we may suppose 
that KC is the unit sectional tube between the standard par- 
ticles FGH and BED situate at the corners of our stand&ri) 
equilateral triangle system, and that the regular standard 
flow is moving in the direction KC, and that at the particular 
instant under consideration the flow represented by equation 
(11) is at C moving in the direction OC. Under the con- 
ditions stated, the entire flow represented by (11) would be 
diverted at C at right angles to OA and by reason of the 
revolution of BED would be distributed radially in the 
plane of BED. 

By reason of the relations 

as applied to the particle BED, if the obstruction ahead wer« 
only partial there would be a temporary storing up of the 
energy which passes into that particle, and as soon aa the 
standard flow has partially relieved itself of pressure by 
passing into the section CO, the potential energy stored np 
in BED would elastically force a reaction flow into CK. 
This reaction flow is to all intents and purposes a contisa- 
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Eof the same flow represented by (11). It has simplyl 
portion of its energy by the diversion at C. 

It is thus seen that although Z,, the velocity with which I 
the wave represented by (11) is launched, may vary in value, I 
the progress of the wave through space is absolutely fixed by ' 
the standard ether flow. That is, the velocity of all light 
waves must be the same. 

It must be remembered that automatic action of each ring 
of an atom requires that it should send off two distinct kinds 
of emanations or flows, (a) the flow to the centre, where it is 
shifted and sent off at right angles to the plane of revolution 
of the particle of the first order or ring, and such flow from 
the centre is the unit flow of the ether structure for each 
particle in the ring, and (b) there is the light wave sent off 
from the particle of the Third Order, intermittently, that is 
to say, every time the particle of the Third Order, in its revo- 
lution around the centre of the particle of the Second Order 
comes into the plane of the particle of the First Order, These 
are the Z-waves by which we arrived at Balraer's formula. 
It follows that the Z-waves are also sent off at right angles ; 
to the plane of llie rings. As they leave the atom the Z-waves 1 
are superposed upon the flows from the centre, and the vibra- ' 
tiona of the Z-waves are carried forward with the velocity of 
the regular unit flow of the ether structure sent off from the 
centre. We have a situation which allows of a close analogy 
to the operation of the telephone. 

In the ease of the telephone, when we make the connection, 
there is proceeding a constant flow of electrical current 
through our machine and on through the circuit. When we 
speak, our voice sets the metal disk against which the sound 
waves impinge, into vibrations. This disk is fixed in front 
of a magnet around which is wound the wire through which 
the current from the battery is passing. The vibrations of 
the disk affect the magnet, and this in turn superposes small 



I 
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magoetic vibrstioDB upon what wonld otherwise be the tini- 
form cuirent passing like a ribbon tliroagh the machine. 
These vibrations cut scallops, as it were, in the ribbon cnr- 
rent. The distance to which these vibrations are carried, 
and the velocity of progression, depend upon the current 
from the battery, and not upon the initial velocity of the 
magnetic vibrations caused by the voice. 

This furnishes a very satisfactory explanation of why light 
waves of different wave lengths progress through space with 
the same velocities. 

148. It will be observed that Z, was measored from the 
orifice A (Fig. 44, sec. 141) of the particle of the Third 
Order, while A was in revolution in ADBE with tangential 



velocity Wj = 



R, 



, and that in (4), section 144, we r 



this velocity to an equivalent pressure : 

hi ^ J in the intake flow at A, 
The reciprocal of this pressure is 



and this entered as a constituent part of the pressure h|l 
which we derived equation (11). 

We may find the velocity V, in tlie outflow due to h alone, 
from Torricelli's formula V* = 2g,h, remeraberiug that the 

acceleration in the outflow jet was g, = n'i ■ ^*"^ h^&vt ' 






Since the intake flow was on the opposite side from A to 
the operation of the pressure h,, the reaction pressure hj will 
be opposite to the direction of the outflow i that is t<L 
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IfZt and T, are in opposite directions, and are two opposed 1 
velocities operating on the same substance. If therefore Y, 1 
be the absolute velocity of the substance represented in equa- I 
tion (11), then 

Taking the value o£ Z^ tram (11 ) and the value of 




When R is very large, B," — 4 differs inappreciably from I 
R,', and we may put V^^ — 4^B, 

taod ne would have 
I Y, = R, V2~— Ri V2^0 j 

That is to say, for very large radii the absolute velocity of 
lannchiug is zero. In other words, no waves are sent off 
from the particle of the Second Order for very large radii. 
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APPLICATION OP THE FOHEOOINQ PEINCIPU 
TO THE SPECTEDM OF THE HYDEOGEN ATOM 



149, We had from section 146: 



(16) 

(16) 



R' 

'R'-4 



= 3646.13 



(^) 



xio-" 



Although this equation m identical with Balmer's formula, 
we found it waa of general application, expressing the rela- 
tion of the wave lejigth of any wave sent off by a revolving 
standard particle in which K ia the radius of revolution io 
standard units. 

We may suppose tentatively that the hydrogen atom is 
composed of a certain number of these particles revolving 
in a plane around a common centre in concentric circles of 
different radii, but each with Hie same tangential velocity 
V^ ■V'2. They would therefore be revolving around their 
common centre with different angular velocities. But we 
may, on the principles of see. 59, consider that the particla 
of an exterior ring is revolving around the moving part 
the next interior ring, and then each would have the 
angular velocity ■\/2 about its respective moving centre. 

As is well known, the Fraunhofer lines peculiar to 
element appear in the spectrum when light from a flame of 
that substance is passed through the incandescent gas of that 
element. The fact that two waves of equal amplitude and 
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ipposile phases will interfere, and in the composition 1 
"reduced to force waves, fumislio8 a complete explanation ' 
of the existence and appearance of the Fraunhofer lines 
nndcr the conditions stated. The waves from the incan- 
descent gaa would have the same amplitude as the waves 
from the flame of the same element passing through the 
gas, and there would be complete interference between all 
the waves in opposite phases, and all such composition wonid J 
rvduce those waves to invisible force waves. 

It is evident that if the rays came from the flame of niul 
merous elements, and passed through incandescent gas ( 
only one of them, the maximum composition would take placa4 
of the rays coming from the element which is the same as thoJ 
gas through which the combined rays pass. 

The structure of the atom would also account for ita ab*! 
sorption by an incandescent gas of the rays of the same wave~l 
lengths it emits. 

There are very strong reasons for believing that the hydro- 1 
gen atom is what might be called in a certain sense a double ^ 
atom. It is so regarded by the chemists. But aside from that 
nearly all the elements of hi^'her atomic weights show that 
their spectra have a double series of Fraunhofer lines. Some 
of them have triplets. 

150. The following considerations tend strongly to ahow'l 
that the 29 values of A, observed in the spectrum of Hydrogenl 
(see. 86). should he arranged in at least two, if not three! 
series instead of one, and is the result of more than ot»| 
particle movement. 

We had 



(16) 



^-^'(^y- 



3646.13 



X lO- 



which was derived as a general formula, applicable to sill 
TTAVea sent off by a revolving particle. 
, IjcI u» couceive that this for the hydrogen atom represcnti 



204 



THE UNIVEHSE AND THE ATOM 



the wave sent off by the eombined action of two |>articles re- 
volving around the same centre or around two centres near 
together with radius a, so that R = 2a. Substitutiug thij 
valne in (16) we have 



(17) A = 



•(^)=m«i<54t) 



X lO-" cm. 



Now let us suppose that one series of rings commenced with 
0^1.5 and the value of a, for the successive rings for that 
series increased by unity, and that for the other series the 
first ring commenced with a = 2 and the value of a for the 
successive rings of this series increased also by unity. 

We may in (17) substitute for a the values 1.5, 2.5, 3.5, 
4.5, etc., and the values 2, 3, 4, 5, etc., and arrange the 
series alternately and we obtain the following results, bring- 
ing into the table Evershed's observed values of A (sec. 8^ 
for comparison. 



X Calculated 

= 1.5 afi03.O4 

= Z 48tiI.M 

= 2.6 *340.83 

= 8 4101.90 

= 3.B 3070.23 

= 4 38811.20 

= 4.5 3835.53 

= 5 37tlB.05 

= 5.5 3770.78 

= B 3750.30 

= 8.6 3734.58 

= 7 3722.00 

= 7.5 3712.14 

= 8 3704.00 

= 8.5 3807.30 

= 9 3891.70 

c= ».S 308fl.0a 

= 10 3682.B8 

= 10.6 3876.60 

= 11 3078.61 

= HJS 8673.01 

= 18 3871.62 



ObBcrved 
0503.07 
4881.67 
434(1.53 
4102,00 
3070.33 
3889.15 
3835.51 
37B8.00 
3770.73 
3750.27 
3734.53 
3721.98 
3712.13 
3704.01 
3607.23 
3601.70 
3608.00 
3682.94 
367«.52 
3070.SI 




— 0.02 
+ 0.02 

to.oo 

— 0.04 

— O.0fl 

— 0.06 
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X Calculated Obterved DifferettetM 

= 13 3B87.83 3607.83 3=0.00 i 

a = 13.6 3666.24 361)0.25 

B=U 3664.82 3604.74 

a = 14.6 3663.56 3063.53 T 0.00 1 

a=lS 3662.40 3662.36 —0.04 J 

a=16.S 3601.37 3661.31 —0.00' 

Theoretical limit 3646.13 

The differences are slightly lees in the above. (Se« eec. SC 

This ta very strong evidence that the hydrogen lines are i 

two or three series, as was suggested by Professor Pickerin] 

and others. 

In 1S96 Pickering discovered in the spectrum of the star 

{ Puppis, which shows the hydrogen spectrum strongly, a new 

series of Praunhofer lines which is clearly related to tlie 

rown hydrogen spectrum, (Baly Spectroscopy, p. 580.) 
If in {16} we put R^ -s-. it becomes 
(18) X = 3646.13 ^r~ig 

Commencing with b = 6 and increasing hy twos each tim 

that i«, Hubetitutiug for b tlie snecessive values 6, 8, 10, 1^1 

etc., we obtain the same successive wave-lengths as in sectioi 

86, where we used the regular Balmer's formula, and com 

menced with 3 and increased by unity each time. 

|i Pickering found that the new (Puppis) series gave wavt 

■■pngths, the values of which could be obtained by substitutioi 

^Hk> b in (18) the values b^=ll, 13, 15, 17, etc., successive! 

^^F We notice that for R in the regular Balmer's formula, i 

order to obtain the three formulas (including the standard) 

we substituted the values 2R, R, -^ , respectively. The sec- 
ond value is obtained by dividing the first by 2, and the 
third is obtained by dividing the first by 4. 

The three values of R appear to be fundamental in the 
1 structure, as we shall presently see. 



CHAPTEE SVIII 

THE MAXIMUM AND MINOroM LIMITS OF J 

LENGTHS OF RADII OP THE RINGS 

OF THE HYDROGEN ATOM 

151. The Minimum Limit. — If we examine the fon 



(15) 



'(r^) 



we see that when R = 2 the value of X is infinity, 
dieatea that when B^=2 the wave sent off beTOinfs merely 
a flow or stream line. Also tiiat the atom hydrogen has two 
interior rings missing, or at least particles in two rings which 
do not send off waves which give Fraunhofer lines. 

There ought to be a reason for this inferior limit, fotmded 
upon tlie ether structure. By reference to Figure 45 we 
see that around any centre 0, the arrangement of the stand- 
ard ether particles is such that we have a succession of 
hexagons, each exterior hexagon increasing in length of radios 
over that of the next interior one, and each hexagon having 
only six standard particles in ita periphery. 

Now the radius of the standard particle revolving as a 
particle of the second order in the periphery of the hexagon 
or circle whose radius is 0Aj = 2, in order to maintain anto- 

1 _1 

jjorr — g. 

diameter of the particle of the second order so revolvin 
that periphery is therefore 1. 

As we shall later show, the hydrogen atom made tip ■ 
succession of rings is formed under conditions of pre 
on the exterior rings toward the centre. Let U8 supj 



matie action, is given by the fominla r = 
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20T 



lat the six standard particles of the hexagon next exterior 
f the hexagon whose radius is 2, have such pressure put 
upon them that they are forced into the periphery of the 
hexagon whose radius is 2. We will then have 12 standard 
particles in the periphery of the latter. The length of this 
periphery is 12 standard units, and the diameters of the 
12 particles together make 12 units; so that the 12 particles 
will be touching each other, Bevolution of the particles in 
the periphery will be stopped. Moreover the contact of the 
particles would form substantially a solid ring, which would 
resist any further compression toward the interior. In fact 
the hexagon whose radius is 2 would form the cross-section 
of a tube, through which the flows from the exterior ringa 
toward the centre, when shifted at the centre, pass out of 
the atom at right angles to the plane of the atom. These 
flows which pass out of the atom through these tubes at the 
centre, may be looked upon as stream lines of a higher order 
than those represented by the standard stress lines. I 

The above considerations would point to the conclusion that ' 
the stream lines represented by the standard stress lines are 
probably formed in the same way, on some lower equilateral 
triangle system, so that we have very strong reasons for 
considering the standard stress lines as "tubes" through 
which energy is passing. 

152. The Maximum Limit — There is nothing in formula 
(15) above suggestive of any finite maximum limit which 
may be assigned to B. In other words, the formula does not 
fis the number of rings which the hydrogen atom must have. 
If there is such a limit, we must look for it in the structure j 
of the ether itself. Undoubtedly it is so fixed. 

Lay out the standard e((uilatera1 system as illustrated in I 
:aTe 46. 

«t O be the centre around which a system of standardl 
tides Aj, A„ A„ A„ etc., spaced one unit apart, 

vlviug. Let 0, be the centre around which a i 
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^atem of standard particles, Bi, B^ 
volving. 
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^^^^^1 Figure 46 


?n 


A 


^^^H 0,B, = V CB,' — CO,* <= 
^^^H 0,B, = 2V~3 
^^^H = 3 v3 
^^^^^B 0Bi^4 V3 oringener 


= V4-1 
al 0A = 
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We may represent llie hypothenuac distances 0B„ 
OIJ„ 0B„ etc., by a„ a^, Oj, a„ etc., respectivoly, or i 
general by o. So that we will have in general 

ka" = (2)> + (n V3)^ 
or o* = 4 + 3n' 

We may represent the radii OA^ OAj, OA,, OA,, etc., by ^ 
Jij, B,, Rt, Rj, etc., or in general by B. It ifl obvious not 
all of these partieleB, A„ A^, A„ A„ etc., in their revolution 
will pass through any of the points B,, B,, B^, B,, eto. But 
snch as do so pass, we must have 
(19) R'^4 + 3n= 

and For such coincidences both R and n must be integral, Of 

whole numbers. At sueh points there would he interference. 

We may place the above expression under the form 



r 



I 



The expression 



in tile equation (15) wouldl 



resented by the same thing as is represented by the latter 1 

expression for oar figure. 

Let ua now determine by substitution, the points of cO"! 

icidence. 



(19) 


B' = 4 + 3n- 




11=1 


K' = 7 


R not exact 


n = 2 


R' = 16 


R = 4 exact 


n = 3 


R' = 8l 


R Dot exact 


n = 4 


E' = 21 


R not exact 


n = 5 


B' = 79 


R not exact 


n = C 


K>=112 


B not exact 


n = 7 


E' = I61 


R not exact 


n = 8 


R- = 196 


H = I4 exact 
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Farther substitutions give no exact coincidences or i 
ferenceB, which will satisfy the equation (19). 

153. In section 150 it was shown that if we substituted for 
B the value R = 2a, Balmer's formula became 



A ^3646,13 



(^) 



i increasing by unity, and 
= 2 and increasing with 



and satisfied the hydrogen g 
one commencing with a =1.5 
the other commencing with 
unity. 

For that formula, we have the same constmction aa above, 
except that the centre is placed at C in the diagram, so 
that OOi^l and equation (19) becomes 

(20) K= = 14-3n» 

and the exact eoineidenees are 



n = l 
u = 4 



R^ = 4 
B' = 49 



B = 



I 



from which it will be perceived that the coincidences are 
proportionally at the same points as before, we simply re- 
duced the base of the right-angle triangle by half, and this 
cute the altitude in half, the triangles being similar. 

It was also shown in section 150 that if we substituted 



for R the value E = 



1 Balmer's formula we would have 



X = 3646.13 (p 



X lO* 



and this satisfied the hydrogen spectrum, commencing with 
b^6, S, 10, 12, etc., and also satisfied the C Puppia aeries 
discovered by Pickering when b = 11, 13, 15, 17, etc., but each 
series increasing by 2 instead of unity. 
For that formula, we have the same construction t 




fore, except that the centres O and 0, must be separated by 
a distance of four ucita. Equation (19) then becomes 

(21) R' = (4)' + 3n* = 16 + 3ii» 

and the exact coincidences ore 

n = 4 R» = 64 K=8 

n = I6 B' = 784 R = 28 

These variations, as we shall later show, belong rather to 
elemental substances other than the hydrogen atom ; they are 
the basic units on which certain otlier elements are formed. 
They coincide however with the ring struclure of the hydro- 
gen atom at those even multiples. 

It all points to the fact that Balmer's formula as we 
derive it is generic, and is more definitely applicable 
the hydrogen atom because the latter is the first in the con-j 
structive series which is built up on the hexagons of thi 
standard equilateral triangular system, and with 2 as the bai 

154. In the foregoing disctission we have treated the stand- 
ard ether particles A,, A™, A„ A,, etc., aimply as materi 
points in revolution about the centre in the plane of the pa- 
per. We must not overlook the fat-t that each of these parti- 
cles is a particle of the Second Order, each of which is com- 
posed of a particle of the Third Order revolving in a plane 
perpendicular to the plane of the paper and which passes 
through the centre 0, and each of these particles of the 

Second Order when in revolution must have a radius r== 
and therefore of smaller size as R increases. 

Mathematical evidence shows that there would be an in- 
terlocking of ring-motion of the standard particles revolving 
^jeapectively around two centres, separated by a base of 2, 
^Bhe radii of the particle of the first order being multiples 
^H| the second prime radius V^ (that is to say, with radii 
^B V3) . when n = 24 or R = 24 i/X 
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We may assume — the reason for the assnmption being 
later made to appear — that the maintenance of automatic 
revolution in any exterior ring of the atom depends upon the 
existence of revolution in the next interior ring. So that any 
condition, which at a certain distance from the centre woald 
break up automatic revolution of the ring with that exterior 
radius, would fix the extirior limit of the rings of the atom. 

We will show later that R^=24 V3 accords exactly with 
certain experimental determinationa which fix the exterior 
limit of the rings of the hydrogen atom. 

The situation which brings about interference is illiu 
by Figure 47. 




Figure 47 

Let 0, be a centre around which a particle A is revolvi 
a plane perpendicular to the plane of the paper, wit! 
radius B, and let 0, he a centre around which another partt- 
ele is revolving in a plane pus-sed through O^A perpendicular 
to the plane of the paper, and also with radius 0,A^B, 
and we will suppose that at the particular instant under con- 
sideration the two particles have become concentric at A, and 
revolving in the same direction. The radius of each particle 

at A will be the reciprocal of E, that is, each will be-p- 



We have shown in the diagram the two concentric eirdeaj 



R' 
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A, as if they had radii of different lengths, merely to indi-j 
cftte that there are two partit-les at A, but it will be under-l 
stood that tliey have eqnal radii. We have heretofore pointed I 
out {sec. 112) that two particles in the same plane coocen- 
trically situate, occupy in respect to each other a position of 1 
least pressure. They do not repel each other. They become | 
interlocked as it were. Under the conditions illustrated, the i 
t«o particles will revolve together as if around the centre 0, ' 
which is half way between 0, and 0^.. Putting 0,0 ^ b, 
then OA = VK' — b'. ' 

Whatever real value we may assign to OA there will be 
nothing to prevent the continuance of the revolution of the 
concentric particles around the centre 0, unless the value as- 
signed is such that it brings them in contact with some one 
or other of the successive particles of the ether structure 
which, as we have seen, are distributed along the line OC in 
multiples of the prime radii of the hexagons formed around 
the centre in the plane passed through OC perpendicular 
to the plane of the paper. We will see where such interfer- 
ence will take place. 

Let us suppose that the position of the two concentric par- 
ticles is at C, such that they are just in contact with a particle 
B which is itself revolving around the centre 0, and so that I 

OB = 0,C = R. The radii CF and GB wUl each be r = g^. 
The particles C and B will be in contact at E where their 1 
particles of the lower orders are just in contact. 

Let us at first ignore the particles of orders below the 
Mcond. That is, treat the matter as if FG^^O so that the | 
of the radii CP and BF would just touch. 

I 00. =» 



■ nien 



OC' = 0,C' — 0,0" 



(B 
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from which we get— 



(1) 



E=H 



Prom which it is seen that for any value of b > 2 the value of 
K is imaginary. 

If b < 2 it gives real values of R, bat we have heretofore 
seen (sec. 151) that the radius of the interior ring of an atom 
formed of standard particles cannot be less than 2. If there 
are such values of b < 2 it would have to be for atoms formed 
on the basis of particles of some lower or different order to 
that of the standard particles. 

This brings us to the conclusion that the value of b for 
the hydrogen atom must be 2. 

Bat if b ^ 2 equation (1) becomes — 

E = ?=. 
o 

That is to say, there would be no rim interference For any 
valne of R whatever when b = 2 unless it takes place through 
contact of the particles of the 3rd or lower orders. 

Let us now take into consideration the distance FO (Fig. 
47) which we know must be made up of twice the sum of the 
radii of the 3rd, 4th, 5th, etc., orders. 



Put PG=a 


then CB = ■ 


l+« 




OC = B— : 


'I+' 




OC' = 0,C' 


'-00,' 




{b-(| + .) 


}■- 


E'- 


-2E( !+«) + ( 


U.) 


From which 


we get by redaction 
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(2) 



= (R' - 2) 



± VK'- 



Now the prime radius of the first liesagon system above the 
tandard is, aa we have seen, based upon Rj = V^- ^e may 
jfaerefore take for the hydrogen atom, which is the aloin of 
west atomic weight, the value OB ^= R ^ n ya. Tliis 
aloe in (2) gives — 

3n- 



i%§ 



± V3ii- 



(3) 



We may assume that the first contact between the particles 
will take place when a baa its minimum numerical value. 
Therefore we give V^n' — 4 the negative value so Uiat the 
two parts of a, given by (3), will subtract. That is, we have: 



Vnnd 



(4) 



(3n'-2)V3 
3n 



V3n=- 



Now we cannot use the method of differential calculus to 
the minimum value of a, because we must impose the 
further condition that we want the value of a, which wilt ba 
a minimum of the values which will be obtained from (4) 
when for n we substitute successively the integral membera 

2, 3, 4, 5. 6. etc. 

If we substitute for n the value n = 1 the first value of a 

imaginary. 

i gives a = .0383242 

f we Buhstitute for n the successive values 3, 4, 5, 6, etc., 
^ to and including n = 23, we obtain a gradual decrease in 
t value of a, which, however, up to that point remains 
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„ = 23 gives a = .0000315 
n = 24 gives a — .0000278 
n = 25 givea o=— .0000422 

If we continue to aubatitute greater values than 25 the 
value of a will continue negative and continue numerically to 
increase in value. 

We see therefore that a has its minimum value, evidenced 
by the change of signs wlien n = 24, at which place : 

(5) o = .00002784- 
and 

(6) R = n V"3 = 24V3 

Now to determine whether the particles of the lower orders 
will be in contact when K^^24V3, we wiU proceed as 
follows : 

We know (sec. 141) that: 



'H "-h -1 




'-h 


y reference to Figure 47 we see that : 






« = 2(l + t + l,,etc. 




or:— 


(7) ,= 2R(l+l + i 


etc.) 




R»=(24V3) = = 1728 






a WV 3 1,1728,. 1 (1728)' ' (1728) 


4 



The fractions after the first term are so small we may 
ignore them, and have : 

(8) 
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■"Wliioh apn-es wilL the value in (5) at least through sevel 

bciuial places. 
jWc hnvD thus found the maidmum limit of tlie exterioi 

Ibg of the hydrogen atuni to be, as hereinbefore statec 
^ 24 V3- 

J54A. Centre Radiations. — We have heretofore seen thati 

itli of the sueeessive rings of an atom, whatever may be it»l 
radius, in whieh there is a "couple" of particles revolving, 
st-Ntls a flow to llie centre, whieh is there shifted and sent off 
at right angles with the value of the unit flow of the ether 

Iiifture, so that the length of the radius of the exterior ring 
>rt.-senls numerically the number of unit flows sent off by 
the rings. Tliia conclusion was reached when we were 
isidering revolution of particles in a single plane. In the J 
K of double particle action aa illustrated in Figure 47 thai 
uation is modified. We may consider that one of the con- I 
ci-ntric particles at A is revolving around Oi with rai^Uus.! 
aO, =R, or we may consider that it is revolving around Oj| 
with the equivalent bent radius AO -f- 00,. 
So we may consider that the other one of the concentrittfl 
irticles is revolving around 0, with the bent radiuSif 
) + 00,. 
I We may express these values as follows: 

AO 4- 00, = n V'3 + V"^^ 
A0 + O0, = n V^"— V^ 

I And this will be true for each one of the successive ringafl 
Jl the atom between and the limit of the exterior ring. 
j'We may take the numerical valuu of each of these exteriorl 
Hi aa representing the sum of all the unit flows npresentedl 
f all the successive rings making U|) such radius for each a 
\iv conpentric particles. 

Now by reason of the atoms being concentric there is t 
Uoublt! flow bfiiie forced all the time tluxiugb the tube lint 




AO. The preasnre or flow in the same lube is, as we have 
heretofore seen (sei-. 136), obtained by multiplicatioa. 

Therefore we have : 

Total v&lue of combined flow at the centre for all tiie rings 
of theatom = (n V3 — V^^)(ii V3 + V^^) = 3o*+4. 

Taldag n :^ 24 for the radius of the exterior ring of tiie 
hydrogen atom, we have: 

Total value of Sow shifted and sent off at right anglea from 
the centre of the hydrogen atom ^ 1728 -{-•1^1732 onit 
flows of the etlier structure. 

We shall later show that the gravitational influence of the 
atom is caused by and proportional to the amount of flow 
shifted and sent off at the centre at right angles to the plane 
of revolution of the atom. 

154B. Valency. — Referring again to Figure 47 we assumed 
in our foregoing discussion that the particle B was one of 
tlie six particles which would naturally belong to the he-xagon 
of radius R of the ether structure, which lies in a plane 
passed through OB perpendicular to the plane of the paper. 
But we also imposed the condition that it should be revolving 
automatically around 0. This last supposition was made in 
order that the radius of B should have the same value as that 
_1 
R\ 

dition of automatic action of every atom is constantly being 
disturbed by radiations passing through it from other atoms 
which tend to increase or diminish the velocity of revoluiion 
of the particles in the rings, and that automatic continuance 
of revolution is maintained by adjustments of the i 



of C;i.e.,r = 



By reason of the fact that the normal con- 



vahies of R and r through the relation r = 



R' 



particles B and C are in elastic contact, it follows t 
particle B would naturally be in a state of continued ribl 
tnry rebound from the point of contact with the particlu C. 
The next standard particle H, of the ether structure, ji 
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line OB extended, is situate a distaace equal to V^ beyond B, 

and it may well be that the particle B instead of revolving 

around the centre is simply vibrating elastically between 

the positions B and Bj, and that EB represents the length of 

the radios of B when most shortened by collision with the 

concentric particles at C. Or it may be that B partakes of 

both kinds of motion, i.e., it may he in revolution around 

^^pid at the same time elastically vibrating between the outer 

^^Sbg of the atom and the six particles of the next exterior 

^^kxagon. In any event the kind of motion it is undergoing 

^B essentially different from that of the particles bounded j 

^^p the exterior ring of the atom. 

^V^Kow for automatic action the hydrogen atom would only^ 
necessarily require in its outer ring the two concentric par- 
ticles at C and two other concentric particles on the opposite 
aide of in a negative direction at a distance equal to OC, 
forming a "couple," so that the flows meeting at the centre J 
will be there shifted at right angles. There might, how- f 
ever, be either two or three of such couples revolving around | 
the same centre 0, according aa they were arranged at 90" 
or 60° apart. 

Since there are six particles in the hexagon, of which B is i 
oue, the revolution of the atom may involve the motion of 
either two or four or six of the particles in the hexagon of 
which B is one, dependent upon whether the atom itself is 
composed of one or two or three couples. 

The electro-physicists tell us that there are from one to six! 
electrons revolving around every atom, according to the' 
valency of the particular element. 

The writer is not prepared to identify the functions per- 
formed by the particle B or the other five similar particles 
3 hexagon to which B belongs, as the electrons to which 
[erence is above made, but pointa out that this is probably 
e case. 
■155. Presnel's mirror experiment demonstrated that J 



I 
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when two rajm of light from a eommoD source are separated 
and then by reflection brought to iutersectioii at an acute 
angle in opposite phases, they interfere and produce dark- 
ness at the point of crossing, while when the angle is greater 
they pass through each other without the interference effect. 

Undoubtedly interference at the acute angle is due to the 
interlocking of the particles of the second or third orders in 
the respective rays. At the point of crossing of the two rays 
their particles of the first order will be revolving almost on 
a common asis, since the angle between the axes of the re- 
spective rays is very acute. This would throw their particles 
of the second order in contact or nearly so, and quite so if 
the angle is taken sufficiently acute. 

It would be interesting to work out this limiting angle for 

the relations •"i^n' ^'^^^' ^*^-' ■" "* ^^^^ '^**°® "^ *^® 
case of the mazimmn ring of the hydrogen atom, and to com- 
pare the theoretical with the observed results. The writer 
has not sufficient data in hand to make the comparison, but 
such as he has indicates a close agreement by rough compari- 
son. It would be a diversion from our main parpoae to take 
it up at ttiia time. 



156. Let 118 consider the operation of a aimple Toagneto-il 
electrical machine, which ia an apparatus for taming iii&<il 
chanicsl energy into an electric current. 
Let MNPS, Figure 48, be an iron plate or armaturorfl 
mounted on an insulated platform or table JJ. 

EGF ia a bar of magnetic iron bent in the shape of ft-l 




Figure 4B 



horseshoe, the bend of the horseshoe being fastened to the 
axle QE, which is mounted perpendicular to the iron plate. 
To the end of the axle is fastened an insulated crank KL-H. 
When the crank ia turned the ends of the horseshoe are re- 
volved in front of the iron plate or armature as it is called. 
I surfacw of the two ends or poles of the magnet ar^ 



I 



I 
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made smooth and trae bo that when the magnet ig moonted 
in the frame the ends come very sear but not qaita 
touching the iron plate. 

The support Q is a conductor connected with the J 
M and Q have wirea attached so that when desired thejll 
be joined to form a circuit. At first we will consider 
them as disconnected. 

Now, as is well known, when a magnet is so mounted, by 
induction it immediately magnetizes the iron plate or arma- 
ture or sets up induction currents in the surface of the 
plate, and this induced magnetism reacts back and mokes 
the magnetism in the poles E and P still stronger. The 
poles E and F being positive and negative, there are ( 
responding negative and positive poles created in the J 
face of the plate. 

It is fully established that the whole space betwec 
poles of the magnet and plate becomes filled with 1 
force or "flows" of energy passing from pole to pole, an3 
there is created in the space between the poles of the magnet 
a field of high magnetic pressure. 

If now the wires are joined to make the circuit, and the 
crank is rapidly turned, a current of electricity is sent 
through the wire, and the intensity of the current, and there- 
fore its capacity to do work, is in proportion to the speed 
with which the crank is turned. In turning the crank it 
ia found that "something" opposes a powerful resistance, 
and this resistance increases with the speed. If the iron 
plate or armature ia removed, the resistance disappears. 
The electrical current produced in such a machine constn 
with a little more of detail than we have found it i 
to describe, can be made to light a burner, run a a 
ing machine or do other work, and yet when the tumli^ 
the crank is stopped nothing apparently has been consumed 
or used up except the energy represented by the tumiog 
of the crank. 
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P How what is it that offers the resistance, and what is thl 
electric current or Sow! 

Let U3 suppose that BBBB represents a plane in thel 
ether structure lying nest to the surface of the iroi 
and that the parallel lines drawn thereon, so as to form tri- 
angles, represent the standard equilateral triangle system of 
tlie ether structure. Of course these triangles would be in- 
finitesimally small and invisible. 

The standard ether particles are at the corners of each tri- 
angle, and by reason of the magnetic field the whole plane 
is under high pressure. If now we consider any centre at O 
at which the magnetic pres-sure from the pole of the magnet 
and the pole ia the plate neutralize each other so that the 
pressure ia not changed immediately by the commencement J 
of the revolution of the pole of the magnet opposite to i^.l 
while we may suppose that the change in the position of th9 1 
pole of the magnet throws the lines of magnetic force im-1 
mediately against the standard particles at A|A,AaA,, 
then some one or more of these particles would be set ia , 
revolution around the centre O according to the strength 
of the force applied- The standard particle A, or A, or 
A„ etc., as the case may be, would he a particle of the 
Second Order, and the revolution of that particle in the J 
plane under consideration with radius R,, R., Rj, 
the case may be, would make the particle created one of I 
First Order. 

"When any one of these rings is set in revolution it would I 
traveling wheel," which we may suppose travels in' 
the ether stress lines along the surface of the armature, and 
taking the wire at M passes along the stress lines in the sur- 
face of the wire and around to Q and back into the magnet, 
911 en route the energy has been taken out of it to main- J 
an incandescent burner or do other work, 
rom the principles heretofore established, no such part 
could so travel unless it were continually sending off al 
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reaction "flow" through its ceDtre in the opposite direction 
to that in which it was traveling, becauBe action and reaction 
must be equal and opposite. 

This reaction Sow through the centre mast be composed of 
what we may call a "bundle" of stream lines, each one of 
which is a traveling "wheel," the radius of which is very 
minute as compared with the radius of the electrical particle 
which we now have under consideration. Nevertheless we 
can come to no other conclusion than that each such stream 
line is, in its last analysis, nothing hut an electrical current 
in which the size of the traveling particle is dependent upon 
a triangular system in the ether strueture of a lower order 
than that of the standard triangular system, which, as we 
shall presently show, is the basis of the electron. 

The scientific development of the last ten years has demon- 
strated that negative electricity has as its basis an actual 
particle, which has been identified with the "corpuscle" or 
' ' electron. ' ' 

By certain experiments the atomic weight of the electron 
has been approximately computed. 

Now returning to the process by which the electrical par- 
ticles are created by the twist given by the revolving magnet 
to the triangular arrangement of the standard particles in 
the ether plane considered, it is clear that the regular Sow 
of the ether in the stress lines of that plane would immedi- 
ately restore the structure, so that as long as the magnet be 
revolving there would be a continuous current of electrical 
particles created and sent off to the armature and around the 
wire, and at the same time a continuous stream line i 
the magnetic poles and around the other way. 

For the purpose of illustration it is convenient to { 
the ether plane from which the particle is wrenched a 
parallel to the plate. The principle sought to be esplained 
would be equally true if the plane considered be perpeodica- 
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lar to the plate, since the diameter of the ether particle i 
very small compared with the distance between the end ( 
the magnet and the plate. That would simply affect the 
manner in which the magnetic force lines are applied to 
Uie particle in the plane, and we are not entering upon the 
details of that matter at present. 

157. It may he auid that this theory as to the creation of 
electrons and of the nature of the electric current looks rea- 
sonable, but what evidence have we that it ia possible with 
the aid of magnetic force to set a particle of the Second 
Order in revolution around a centre, thus forming a particle 
of the First Order t 

The answer is found in section 80, where ia explained a 
phenomenon in regard to polarized light which shows that b 
particle of the First Order can be created by rotating a 
particle of the Second Order in a magnetic field. Although 
this phenomenon received profound attention from scien- 
tists, its real significance appears to have been heretofore 
overlooked. It was the study of that phenomenon which 
gave the writer his first conception of the esisteoce of parti- 
cles of the successive orders, as an interpretation of light 
wave motion. That phenomenon is so nearly similar to the 
production of electricity in the manner illustrated in Figura ■ 
48, although the machinery for creating the magnetic fiel 
ia different, that the marvel is that some one has not befort 
seen that they illustrate but two phases of the same procea^l 
that is to say, the first step in the creation of matter. 

A modem dynamo with all its complicated parts is aft^ J 
all but a perfected form of the machine above crudely de- 
scribed, and we must understand that there is constant!; 
taking place both creation and disintegration of matter, 

158. The Atomic Weight of the Electron.— From the * 
time of Dolton down to about fourteen years ago. the theory 
waa generally accepted, among chemists at least, that the 
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chemical elements of matter were primaiy and 
atructible atoms, of which hydrogen posaeseed the ', 
atomic weight of any known. 

In 1891 Dr. G. Johnstoae Stoney applied the name "4 
tron" to the natural unit of negative electricity to whid 
had called attention in 1874. 

If an induction coil be connected with metallic terminals 
fused into a glass bulb, so arranged that the air can be grad- 
ually withdrawn, certain very startling and beautiful phe- 
nomena can be made to take place, of which we will describe 
only one. 

Professor Crookes in 1879 showed that if a small object 
(he used a small Maltese cross made of mica) be placed in 
the bulb between the negative (cathode) pole and the posi- 
tive (anode) pole, and the current is turued on and the air 
is withdrawn until it reaches the proper degree of exhaustioD, 
the Maltese cross casts a perfect shadow of itself against the 
anode end of the bulb, the position of the shadow showing 
that the rays which cause it proceed radially from the 
cathode. Crookes suggested that the rays so proceeding 
were streams of negatively electritied particles projected 
normally from the cathode with great velocity. He found 
also that the direction of these rays could be deflected by & 
magnet. 

Professor (now Sir) J. J, Thomson proved in 1897 that the 
cathode rays consisted of "electrons" or electrical unit par- 
ticles, to which he gave the name "corpuscles." It was 
found that the electron was not only identified as the anit 
"charge" of negative electricity, bat that such particles 
were apparently disintegrated from matter in every gaseous 
flame. 

We have all noticed that when an ordinary candle is burn- 
ing the flame separates into two wings. It was found that 
in such cases the "electrons" escaping from the bununx,, 
matter passed out through one wing of the flame i 
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lative" electricity repelled the particles of gaa Degativelja 

wtrified in the other wing. 

Just what "positive" electricity is, the scientista were unJ 
able to explain and have not to this day esplaiiied, Unlikof 
negative electricity, there did not seem to be any *'particle"-J 
in its make-up. and it did not appear to have any maai 
Our previous discussion ought now, wc think, to make plninfl 
why this is so. It Ja due to the fact that positive electricity] 
is composed of minute force rays. In such a ray the traV'! 
eling particle is very much smaller than the electron, since 
it is a particle of the wave sent off by the electron itself. 

It was found also that if a newly cleaned surface of ziusj 
be charged with electricity and exposed to the ultra-violetfl 

Pys from an arc lamp electrons are given off. 
ffhe phenomenon already noticed, that the cathode rayi 
pectrons in flight) cao be deflected from their paths bfil 
Bgnetio force, furnished a basis upon which the physicists 
proceeded to estimate the mass of an electron, the amouiiil 
I of the deflection being proportional to the strength of the I 
■MUgnet used. 
^^BTbe earlier determinations placed the mass of the clectronj 
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part of that of the hydrogen atom. 



The determination made by J. J. Thomson {Enc. Brit., 

^th Ed., Vol. 17, p. 351 ) was about :^^ of that of hydrogen. 

Prom a slightly different method adopted by H. A. Wilsi 
B iitattid by Professor Millikan in Popular Science Monthl^ 
1 



Ithe hydrogen atom. 

ime that the average of the last two determina- 

i is approximatfily correct, we would have - i-n^ part of 

e moss of the hydrogi^'n atom as the mass of the dec 
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lere a curious correspondence between the 1730 
pd ,cles 1728 -f 4 in the iiydrogen molecule as we 
^■etA re found them to be. It may, of course, be a 
ucidence, but we will have less difficulty in conclud- 
the exact determination ought to have brought out 
- average result. 

us recur to certain principles established in section 

necessary to the automatic maintenance of the revo- 

ion of a standard ether particle to constitute it a particle 

the First Order, and on the basis of which we arrived at 

ler's formula. These principles were that: 
1,1) A standard ether particle revolviiig around a centre, 
and whose automatic revolution is maintained only by the 
standard ether flow, from the surrounding field, sends off a 
flow from its centre at right angles to the plane of revolu- 
tion, and the intensity of this flow equals unity {the flow in 
the standard stress lines) whatever be the length of the 
radius of revolution. 

(2) // there be a number n of such particles revolving in 
the same plane, around the same centre, though each may 
have a different radius of revolution, the intensity of the 
whole flow at the centre would be n. 

Applying the above principles to the "electron" particle 
created and sent off as an electric current by means of the 
magneto -electric a I machine illustrated by Figure 48 or other 
suitable machine, wc see that the unit electron would consist 
of two or six standard particles in revolution, making one 
"ring," and that the intensity of the flow at the centre 
would be equal to unity for that ring irrespective of the 
radius of revolution. Also that the shifting of this flow at 
the centre would give off two flows of unit intensity at right 
angles to the plane of the particle. 

The particles created and sent off may therefore be of 
different radii without any change in the intensity of the 
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iction 6ow from the centre which constilutes the positivd 
trie current. 
■Moreover, if the strength of the magnetic field and t 
i of the revolution applied to the mapmet were such t 
^ Bet in revolution around the centre more than one r 
ie same tiiue, the particle sent off would be eomposed c 
e than one ring. If there were n rings, since each send) 
f a unit's flow from Uie centre, the intensity of tlow in tliw 
niele sent off would be n. The current would be a higlie 
Mion current. But in that case the particle would not 1 
; unit electron, but would be equivalent to a number ol9 
t electrons. It is the unit electron whose atomic weighd 

lonisoo and others determined to be about r ^ ■ part of tbaa 
atomic weight of the hydrogen atom. 
We have found that the hydrogen atom in its primort 
^or planular form is composed of the equivalent on 
^1^8 -f-^^^^''^^ rings, in each of which rings six slandarc 
^Mirticlea are revolving with tangential velocity equal to V^fl 
^Vround the common centre. ^\lso that this revolution sendi 
out a unit's flow through the centre at right angles to t 
plane of revolution in both directions. It follows that thi 
Ateusity of the whole flow through the centre in either dirco^ 
1 is, for the hydrogen atom, 1728 or 1732. 
'he hydrogen atom, as we have seen, is giving off I 
1 flows iu opposite directions through its centre. It ism 
efore a stationary wave or combination of stationarjrl 
B whose automatic integrily is maintained by the flowu 
t from the standard stress Hnej of the ether structure 
n therefore he set in motion as a whole witliout destroy^ 
t ita character as a stationary wave in respect to the ( 
r structure and flown. 
. The electron created in tho manner illustrated i 
3 48 ift pat in revolution by the magnutiu force 1 
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proceeding from the poles of the horseshoe uiHgnpt revciw 
iu oue direction, and the magnetic force lines procee 
from the armature or plate in which two poles are created 
by induction, as we have heretofore seeu, and these weaker 
force lines are pulling in the opposite direction from those 
proceeding from the poles of the magnet. The particle cre- 
ated is undoubtedly a stationary wave in respect to the ether 
flow since each of the standard particles of which it is com- 
posed is a stationary wave in that sense. But there is a 
difference in pressure on the opposite sides of the particle 
created which must determine the direction in which the 
particle will go when twisted out of the plane of the ether 
structure. The velocity with which the electron, created in 
the manner above described, will travel iu the circuit will 
depend upon the magnetic pressure which sets it in motion, 
and therefore the velocity of the electric currents so created 
vary according to those forces. Electricity, therefore^ i 
not travel with one uniform velocity for currents of d 
inteosities, as is the case with light. 

Since action and reaction are equal and in opposite t 
tions, it follows that when an electron is created and s 
motion as a traveling wheel there must be a rcactJOD 
flow through its centre in the opposite direction from 
that in which the particle is traveling and which flow must 
increase as the velocity of progression of the particle in- 
creases. 

If the gravitational effect, and therefore the atomic « 
of ft particle is directly proportional to the intensity ( 
"flow" through its centre, as we shall later see that itl 
follows that the atomic weight or muss of the electron mov" 
ing as a current of electricity would vary according to the 
velocity of the current. The true atomic weight woul 
found only under conditions when Ihc electron ' 
traveling as an electric current, or, iu other words, J 
" rticie was stationary or moving with the on 
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finite velocitiea not sufficiently great to appreciably aETeet 
the flow through its eeotre. 

If we should disconnect the circuit, so that when we turned 
the crank no current is passed, there would be an accumula- 
tion of electrons on the plate or armature and these would ba 
stationary electrons. Any movement would be due to repul- 
sion between the electrons. 

Now we can conceive theoretically at least of a modifica- 
tion of the magneto-electrical machine in which the armature 
is replaced by another horseshoe magnet exactly similar to 
the first one considered, and that the construction and ar- 
rangement was such that the ether plane from which the 
particle ia to be twisted is operated upon by exactly equal 
and contrary magnetic forces created by the revolution of 
the similar magnets. In such a case the particle created 
would have no tendency to travel over the wire in either di- 
rection. The machine would simply manufacture stationary 
corpuscles or electrons. 

160. Doubtless every dynamo incidentally ia turning out 
more or less of these stationary electrons, which are carried 
along by those which form the current. 

Although stationary electrons have not to our knowledge 
created and collected that way, they have been col- 
ted from the disintegration of burning matter, and in 

ter waj's. 

0ir J. J. Thomson and other eminent electro-phyaicista 
J performed certain experiments which point to the con- 

Inon that when a gas pro<-eeding from a jet is set in flame 
I is a release of certain particles very much smaller 
I the atoina of the ordinary chemical elements. These 

rticles are distributed all through the incandescent gas of 
. Under certain conditions the gas in the flame will 

Bibit negative electrical effects, or positive electrical ef- 
I, or it may be that neither effect may be exhibited. But 
m the latter case if the flame be put between two separated 
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parallel plates which have been oppositely electrified it will 
be seen to separate into two incandesceut wings, one of which 
when tested will show the negative and the other positive elec- 
trification. This indicates that under ordiDary circuni- 
stances the things wliieh cause positive and negative effecti 
are produced in equal quantities by the process of combus- 
tion, and neutralize each other, but that tbey may be sepa- 
rated as above described. The thing or things which ^ve 
the electrical effects can be strained out of the gas hy passage 
through "glass-wool" and in certain other ways. 

The thing which produces the negative electrical effect 
has been by Thomson and others actually isolated as tha 
"electron" or "corpuscle" and its mass determined by cer- 
tain ingenious apparatus and mathematical laws, which it is 
unnecessary to enter upon here. The general reader is re- 
ferred for details to Jones' "Electrical Nature of Matter" 
(D. Van Nostrand Co., N. Y,), and Duncan's "New Knowl- 
edge" (A. S. Barnes & Co., N. Y.). The intent of those 
works is to reduce all things to an electrical basis. The 
intent of the writer is to go a step further and explain elec- 
tricity itself as a mechanical operation. 

It has not been found possible to say definitely whether 
there is any distinct positive electrical particle, nor to de- 
termine its mass if it has mass. So the question has arises, 
what is positive electricity? 

When an electric discharge is sent through oxygen, nitro- 
gen, helium or other gas, positively charged particles having 
the mass of the hydrogen atom or cation are found. 

Through a similar method to that by which the mass of 
the electron particle in the rays proceeding from the cathode 
was determined, there was discovered by Goldstein certain 
particles in rays proceeding from the anode. By use of a 
perforated iron cathode through which the anode rays could 
pass through any attenuated gas it was found that a phos- 
phorescence was produced on the walls of the glass tube be- 
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I the cathode, and the mass of the particle therein was 
id to be of the same order of magnitude aa the hy- 
drogen atom although varying somewhat for different gases. 
From experiment* of Goldsteio, Wjen, Stark, Thomson and 
others, it has been sought to dra^v the conclusion that the 
particles of positive electricity are identical with the hydro- 
gen atom or hydrogen cation. 

It would seem to the writer that the phenomena described 
rather point to the conclusion that under the conditions de- 
scribed tbe hydrogen atom is disintegrated from the gas or 
from the anode material, or created from tbe strain of the 
ether, and floated through the perforations of the cathode 
by the flow of the positive current. Tbe writer is inclined to 
follow what he understands to be Sir "William Ramsey's lino 
of thought as to these phenomena. Sir J. J. Thomson 
seems to consider the question of the mass of the particle 
of positive electricity, still debatable in his article on "Mat- 
ter" in the 11th Ed. Ency. Brit. If the writer's view of 
positive electricity is correct, the absence of an electron from 
the normal structure of tbe hydrogen atom, would make aa 
unbalanced positive flow from or into the remainder of the 
gtr nctnre, or cation, which would cause us to confound tbe 
^farogen atom or cation with the particle of positive elec- 

Htr. 

^Kbe electro-physicists generally have, it would seem, 
adopted the view that a material atom (according to the na- 
ture of tbe chemical element) has normally from one to six 
electrons revolving around it; that it may be deprived of 
one or more of these under certain conditions, leaving the 
deficient atom as a "cation," and that this cation exhibits 
the positive electrical manifestation merely by reason of 
the fact that the atom has been deprived of an ele*"*""-- 
also that tbe normal atom may under fertwin conditi 
e ao extra electron, in which case it -n '* 

, exhibits negative electric propel 
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and "cation'* are embraced in the comprehensive 
"ion" as used in the nomenclature of the electron theoi 

In that theory the conception is that the electron is not 
only the ultimate particle out of which material particles 
are built up, but this particle is identical with what is de- 
nominated the electric "charge," and that this can only be 
defined as a unit of "electricity" which is made the ultimate 
thing in nature. 

161, While the writer does not question the results of 
the experiments referred to, and the intermediary eoncln- 
sions, he does question the propriety of the conception of 
"electricity" as the ultimate thing in nature. The word 
itself has obtained a fixed definition in accepted physics as 
reprcBenting a particular kind of manifestation of energy. 
Heat, light, and electricity and the motion of a ball through 
a rectilinear path in space, have been demonstrated to be 
only diflferent kinds of motion of substance. Electricity is 
a compound idea, a particular form of energy. To stop oar 
explanations at the electron, call it "electricity" and treat 
it as the ultimate thing, leaves us but a little better oS than 
were our early scientists who explained fire by the escape of 
"phlogiston" from matter. 

To make electricity the ultimate thing is the same aa 
making energy.tbe ultimate thing in nature. It also fails 
to account for the law of the equality of action and reactimi 
which is fundamental to all motion, and which is fi 
counted for by the conception of an ideal incompreasibi 
stance in motion in all its parts. 

If the reader has followed the course of our dedui 
from the particle structure and particle motion in the ether, 
he will see that we agree with those who hold to the electron 
theory in accepting the electron or corpuscle aa the basis of 
the structure of the material atom. We, however, show how 
the electron is formed as an ether particle from plt iiaitB- 
substance on the wave-theory of tight. We agree 
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negative electric current consists of one or more electroi 
moTiDg as traveliag wheels through space. But on the prin- 
ciple of the equality of action and reaction, we consider that 
DO such electron particle could so continue to travel in one 
direction unless it were at the same time sending off reaction 
flows in tJie opposite direction. In other words, the positiva' 
current is accounted for by flows composed of minute fori 
rays in which particles of a lower order of magnitude than 
the electron constitute the traveling wheels which are at the 
basis of all wave motion. Thus, while the relation between 
the mass of a material atom and that of the electron is suffi- 
eienlly finite to yield to experimental determination, wf 
would not expect it would be so in regard to ether particles 
of the lower order which must be the basis of the positive 
electric current. Moreover, when we come to consider the-' 
ring structure of the material atom, and the passage througb' 
such structure of radiations of a lower order, which is, as we 
shall show, the basis of gravitation, we arrive at a suggestive 
reason for the phenomenon of the attraction of unlike, and 
repulsion of like electricities. 

The electric current is the motion of a train of electrons 
through apace, the mechanical action involved being the for- 
ward motion of the electrons constituting the negative cur- 
rent, and the reaction flow of minute force rays constituting 
the positive current. The electric current is essentially a 
light wave, except that its traveling wheel is of greater 
amplitude than the traveling wheel of visible light wavi 
But that difference accounts for many things. 



i 

1 



CHAPTER XX 

GRAVITATION EXPLAINED 

162. Referring to section 139, and Figure 41, we there 
pointed out that if energy was being radiated from a point 
in every direction, the pressure at a unit's distance in the 
unit sectional area, taken as unity, may be represented by 
the product of the direct and reaction pressures P and Q, 
so that PQ = 1. And at the distance D from the center 
of radiation, the direct pressure P,' on the unit sectional 
area would be 

(1) p.'=|; 

or, in other words, the pressure per nnit area decreases in- 
versely as the square of the distance. Or we may express it 



byP,= 



P: 



jy 



if we understand that we are dealing with the 



unit areal pressure. 

Now the larger the value of D the nearer the radii drawn 
to the opposite sides of the unit area situate at the distance 
D approach to parallel lines. At the limit infinity the flow 
in the unit area becomes the stream line or ether Sow in 
which the Sows are equal and opposite, or P = Q. 

For certain purposes a flow so started as a divergent radi- 
ation, so far as it may have effect upon such a finite thing as 
an atom situate at any great distance from the centre of 
radiation, may be regarded as proceeding through the dis- 
tant atom in parallel lines, or as a stream line in which 
P and Q are not, however, equal. The value of P the dlM 




Figure 49 
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pressure determioeB and carries forward the flow, and fiw 
the value of Q, the reaction flow from the formula PQ = 1. 

Let MM, Figure 49, be an atom which, considered aa I 

particle of the First Order, has its plane of revolution pep- 

_ pendicular to AQ, and which, by reason of the revolution o 

y%e particles in its rings, is sending off Sows through ita c 
tre perpendicular to its plane of revolution, that is, in t 
direction AO. 

Let BDCE be another atom situate at a great distance 1 
from A, and we may suppose that this atom is made up of 
one or more rings, in which particles are revolving as in the 
case of the hydrogen atom. We will suppose that the plane 
of this revolution is the plane of the paper, so that the flows 
proceeding from A will pass through these rings in the plane 
of revolution. By reason of aj-mmetry we need not consider 
the effect of any of the flows from A falling on cither side 
of B, but only the flow passing through the centre 0. We 
may take the direct areal pressure in the flow from A at 
the unit's distance from A as P. The value of this pre 
tare P, at B will be 

P 
(2) P,-l?" 

In order that the atom BDCE may maintain its aatonomy^ 
there must be (see. 140) two flows from B and C, respec- 
tively, which meet at O, and are there shifted at right angles, 
beeatue of the fact that each flow completely fills the unit 
i-tabe of the stress lines at that point, and these flows [ 
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seen isp^. Therefore the losa of pressure between thi 



out of the atom each with the unit pressure at right angles 
to the plane of the atom. 

The collision of the opposing flows at creates a "whirl" 
or "force centre" at (sec. 140). Because the direction of 
the outflow is at right angles to the plane of the atom, the 
whirl or force centre at must lie in the plane of the atom. 
It will therefore respond eiastieally to any unbalanced force 
which may operate upon it in the plane of the atom, and is 
thus capable of having its position displaced in that plane by 
such an unbalanced force. When the atom is not beiug 
operated upon by any extraneous force, the forces operating 
automatically on this force centre are in balance, and it 
maintains its fixed position. Now when the flow measured by 
the pressure P, at B reaches its value (sec. 139), as we have 

•I- 

points ia P, — =r' . This loss of pressure has been occasi< 
K 

by outflows, from the flow considered, into the circular stress- 
lines or rings, which are cut at right angles in passing from 
B to 0, and to that extent has relieved the pressure in both 
directions in the line BO. 

Now by reason of passing from the centre of the rotating 
stom outward due to tlie ordinary prcsBures therein, the valoe 

P P 

of the pressure => in the flow at 0, would be =* X B^Pi, 

at C. And when that flow passed out of the atom at C, the 
equal and opposite reaction at C against the atom in the 
direction CO would be P,, the same as the original pressure 
at B. So that considering alone that component of the flow 
which passes straight through the atom, and which is not 
diverted laterally, the passage would not cause any pem^> 
nent displacement of the atom in either direction ; the aof^^H 
and reactions would jnsi balance. The original flow w^^H 
, liave passed through the atom n-ithoat diminution oj^^| 
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wty other than it would have experienced in passing 
rough an equal distance through the ether. 
But the action of the component flow which, as we have I 
seen, is diverted laterally into the ring stress lines between I 
B and O, must be traced and considered. 

This lost pressure by reason of the revolution of the parti- 
cles in the rings is carried around the rings as circular flows ] 
therein in two directions (the atom being a stationary par* | 
tide) and, cutting OC at right angles, will this time be dif- 
fused into the line CO equally in two directions, that is, to- ' 
ward C in the continuation of the direct flow, and toward 
O in a reaction flow. The value of each of these flows will 
be;— 



1(^.-0- 



^^r'We thus have an unbalanced flow or pressure which we 
may designate by G, operating upon the force centre or 
whirl at O, in the direction OA, and which will tend to dis- 
place it in that direction, and will do work. We will thus 

E0,= |(P.-|)^P.(V) 
e may substitute for P, its value from {2} and we have 
instead of a single atom situate at the distant point A j 
I should be a cluster M of similar atoms, each sending | 
off similar flows of radiant energy, and each producing its I 
independt-nt effect on the atom at 0, wo would have for the I 
bined effect : 

(5) "-D^(-2R-j 

Tiat is to say, the i^cct of tl;'! cluster of atoms at A on thsl 
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atom at would be the same as if they exerted an attractive 
force upon the latter directly proportional to the i 
the atoms at A, and inversely proportional to the sqai 
the distance. 

lu other words we have the mechanical operation < 
ton's universal law of gravitatioD. 

163. We have heretofore pointed out, section 120, that by 
reason of the equilateral triangle structure of the ether, and 
the continuous flow taking place in all the standard stress 
lines, that the ether structure in any plane may be consid- 
ered as being made up of hexagons of unit radii in which 
the Qows are taking place in the periphery of the hexagons. 
Therefore to determine whether radiations from matter pass- 
ing through the ether would have any gravitational efiFect 
on one of these hexagons of the ether structure we may 
substitute for R in equation (5) the value R =^ 1. We then 
obtain 



In other words, there is no gravitational effect. 

Gravitation therefore is wholly an effect of matter on 
matter. The effect arises from the successive ring structure. 
The property of so-called attraction, therefore, differentiates 
matter from ether, and atoms from ether particles, although 
the one is constructed from the other. 

16i. If for any reason the centre could not be moved any 
nearer to A, because of the operation of other forces, as, 
for instance, where one body is fixed in position relative to 
the other, there would be no work done, in moving the atom 
as a whole, and the entire flow of energy, except that repre- 
sented by an increase of temperature, would pass through 
the interposing atom and have the full effect on the atom 
beyond. In other words, one atom does not shield another 
from the operation of the gravitational influence. 

Since the extraneous flow passes through the atom with- 
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I sensible loss of energy, and yet work is done in moving 
ie atom, it follows that the energy that does the work I 
is supplied from the atom itself. Therefore the same pro- i^ 
cess which draws atoms into an aggregation would operate-^ 
to reduce their temperature, unless the lost energy waa sup- 
plied from the ether flows, 

"We have accustomed ourselves to imagining that gravita- 
tion acted as i£ it was a powerful cable reai^hing out from j 
the Sun to the Earth, and exerting an immense pull upon it, 1 
which constrains the Earth to its circular or elliptical orbit. 
Oa our present view however, the radiations of force rays 
from the Sun which penetrate each atom of matter of which 
the Earth is composed, merely exercise a directive influence 
upon the movements o£ such atoms. The power which makes 
the Earth swerve from tJie tangential path and pursue the 
circular path is furnished by the energy in the atoms them- 
selves. This enei^y would of course be quickly dissipated J 
were it not tliat the energy consumed in the work of moving I 
the atom is being continuously supplied to it from the ether. .1 
The centre of the atom may move, but automatically itt-l 
form, shape and size are preserved by the flows of energy I 
coming to it from the ether. 1 

A torpedo propelled by a gasoline engine can be made to 
follow a edrcular orbit on the water, by wireless waves sent 
to it which through suitable apparatus in tlie torpedo regu- 
late its rudder. Id such case, it is the gasoline engine which J 
furnishes the centripetal force, and not the source of th»1 
wireless waves. % 

165. We may consider what gravitational effect the atom 1 
in the position BDCE would have on the atom in the posi- 
tion Mir. Figure 49, The radiations would not pass j 
throngh tiie rings of which MM is composed. In tliat I 
position, therefore, MM would exert a gravitational in-J 
flucoou on BDCE, but tlie latter would exert none on IMM. J 
It doe« not follow, however, that the means are not at haridfl 
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for the accomplishment of an equivalent result indirectly. 

Again, suppose that the two atoms under con^deration 
have their centres in the same line, and their faces parallel 
to each other, as at MM and NN in Figure 50, in which the 
particles of the second order for one ring are shown at M 
and M, and at N and N for the respective atoms. Tlie ceu- 
tres are supposed to be placed at great distances apart. 

It is plain that in such case the radiations from the centres 
of the atoms at right angles to their fpce will not cut across 
any rings of the opposite atom. Because the distance is 
great, radiations from NN will pass through M and M, and 
radiations from MM will pass through N and N. But these 



(D 
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Figure G 




are particles of the second order. The atoms therefc 
that position would not exert any gravitational in0uenc« on 
each other. But again we say it does not follow tliat the 
means are not at hand for tiie accomplishment of a 
lent effect indirectly, as we shall presently see. 

166. Influence of Repulsion. — Let us suppose that 
source of radiation is the atom MM (Fig. 51) whose c 
is at A, and that there is another atom BDCE whose cvntre 
is not BO far (Ustant from A but that radiations from A c&a 
exert a repulsive eflfect upon the particle BDCE who 
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ispective atoms are in proper positions in respect to eai 
' other. 

(b) If the plane of BDCE coincided with the line AO it 
is clear that the repulsive effect of the radiations from A 
would be simply to 
push the centre O fur- 
ther away from A. 

(b) If, however, the 
plane of BDCE lies 
obliqne to the line AO, 
the radiations from A 
will have no effect on 
BDCE, except when 
the particles of the 
second order revolving 
around in the cir- 
cumference of BDCE 
are in certain posi- 
tions. 

Whatever may be the obliquity of AO to the plane of 
BDCE, we can always pass a plane through AO such that 
it will be perpendicular to the plane of BDCE, and which 
will cut the circuniferenee BDCE in two points D and E, 
Since the plane of a particle of the second order always 
passes through the centre of the particle of the first order 
and is perpendicular to the plane of the particle of the first 
order, it follows that when in their revolution around the 
circumference BDCE the particles of the second order are 
at D and E, the radiations from A will pass through them 
in the planes of the particles of the second order, and will 
then exert a repulsive effect on them. 

Since AE is shorter than AD, and the repulsive effect is 
[Tersely proportional to the square of the distance, it fol- 
B that since the atom BDCE forms a conservative system 

1 will automatically preserve itself, the general effect 
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■the radiations from A will be to bring the plane of B] 
into a position parallel to the plane of the atom MM. 
we were dealing with a large cluster of such atoms in whiet 
the formation had commenced and, fortuitously or otherwise, 
a majority of them had their planes lying in one plane or 
in a system of parallel planes, the radiations interacting be- 
tween the atoms lying in the parallel planes, and those lying 
oblique, would tend to bring all the planes of the atoms into 
the system of parallel planes, and to a lesser extent nnder 
proposition (a) above to keep some of them lying in planes 
Bt right angles to the parallel planes referred 1o. The gen- 
eral effect taken in connection with the gravitational effect 
would be to arrange the cluster in disk shape. And if we 
take into consideration the centrifugal force developed 
the atoms are brought toward the common centre of grai 
we would get the spiral nebulous conformation. 

167. Symmetrical Atoms in Three Dhnenstons. — Let 
suppose that by the operation of causes operating locally, 
sucb as intense radiations from already existing matter, there 
has been formed a great cluster of atoms in their primary 
form, that is, standard particles set in revolution around 
centres. By action of the radiations from the centres of 
atoms passing through the rings of all other atoms in the 
plane of the radiations the atomic members of the cluster 
would be forced by pressure closer and closer together. 
This would operate to increase the repulsion between the 
oms. 

Where the pressure is sufficiently great the atom BDCE 
(Pig. 49) would have its centre driven to the position A, 
ihe centre of the atom MM. That would be a position of 
least pressure, because there neither of the atoms as particles 
of the first order would exert either a gravitational or re- 
mlsive effect on each other. It is true such of their parti- 
elea of the second and lower orders as come into the Bane 
{)laoe in the course of their revolutioai would repel 
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, but that could only operate to make the two i 
asBume symmetrical positiona in respect to each c 
Thenceforward the two atoms would act as one body. SoJ 
that if one was moved it would carry the other with it. 

The limitation of the number of planular atoms which 
could be thus pushed into concentric positions would depend 
upon the amount of pressure, and the repulsive resistance 
offered by the atoms already there, through their particles of 
the aeeond and lower orders, according to the rigidity of the 
symmetrical form in which they had arranged themselves. 

The simplest combination would be three planular atoms J 
paased into e^ich other at right angles each to the otherfl 
which would give the basic cubic construction. 

Such a combination atom would not be subject to the disa- 
bilities of the single planular atoms as pointed out in sec- 
tion 165. Such a combination atom would not only occupy 
space in three dimensions, but would, acting as one body, 
attract as well as be attracted by another similar combina- 
tion atom. 

Such a combination atom would exist, however, only be- 
cause of the fact that planular revolutions of standard ether 
particles were taking place in it, and because these were 
being maintained continuously by the flows in the standard 
Btresa lines of the ether structure, fed by the energy coming 
from the stars in infinity. 

Such a conception of a combination atom, while it is the 
basis of that solidity in space of three dimensious which is 
BO essential to our ordinary conception of matter, docs not 
militate against the proposition that the motions taking place J 
is in planes and the structure of the atom is planular. 

We conceived that the simplest form of combination atom^ 

old be composed of three planular atoms concentrically 
i>ged at right angles. The symmetrical arrangement, 

wever, which would possess the greatest rigidity would be 

iftt formed on the equilateral triangle system. That is to J 
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say, the centre would be the apex of each of 20 tetrahedrons. 
But in that case the standard particle could not make s 
complete revolution around the centre in one plane. It 
would revolve through 60 degrees in the plane side of one 
tetrahedron, and pass at an angle into the plane side of the 
next one, etc., etc. Ita course would be over a cormgatod 
path. It is evident that that formation would only be forced 
under the greatest pressure, if at all, 

168. The Nebula Hypothesis.— In the foregoing discus- 
sion we have given the mechanical operation of the forces, 
which without detail of mechanism is made the basis of 
Newton's law of Gravitation, and of Laplace's Nebula Hj"- 
potliesis. The latter, commencing with the nebula, under- 
took to account for the evolution of suns, worlds, and i 
lites through the operation of gravity, centrifugal foro« 
loss of heat by radiation. 

Suppose we had to deal with only two of our combilj 
atoms in repulsive as well as of gravitational reach of eacfc 
other. The gravity influence would bring them nearer and 
nearer together, until at some point the repulsive force be- 
comes equal to the force of gravity; there equilibrium would 
be established, and the two atoDis would be held in elastic 
rigidity as one body by the forces operating between them, 
If there were a number of such atoms they would all be 
drawn together, and if each has the same mass (or energy 
in automatic motion as an atom) they would tend to arrange 
themselves in equilateral triangle formation (sees. 77 and 
197). If they were of diflferent masses they would tend to 
arrange themselves in such formations as woiUd i 
equilibrium between them in respect to their mutual i 
tions and repulsions. 

Again, if there were such a cluster of atoms bein^ i 
t« their common centre of gravity, and if there were otiter ' 
clusters of atoms at a distance sending radiations into the 
cluster under consideration, each of the atoms comyi 




trilngal force into play, and from the relation f = 
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t latter would be operated on differently gravitationt 
' these radiations, according to their respective distances 
tnd situation in respect to the sources of these outside radi- 
Vktiona. The result would be that the atoms in the cluster 
Dnder consideration would not approach their common cen- 
tre of gi-avity in a straight line. Tangential motion would 
be set up, and the atom would approach the common centre 
of gravity in a spiral path. This would at once bring cen- 

V 
^R ''' 

know that the centrifugal force would rapidly increase as 
the atom approached the common centre of gravity. This 
would be true of all the atoms in the cluster. We see, there- 
fore, that when equilibrium is reached there would be t 
forces operating against gravity, one due to repulsion 
tween the atoms, the other due to centrifugal force, 

169. In certain particulars in regard to the separation of 
the planela from the interior nebulous mass by ring forma- 
tion, the method of evolution of planets and satellites as 
formulated by Laplace has been apparently successfully 
challenged hy the mathematicians, but fundamentally the 
evidence io favor of the course of nebulous evolution is as 
good to-day as it ever was. 

Whether the planets were thrown off from the central 
nebulous mass through the forces brought into play by the 
Approach of some celestial body belonging to some other 
lystem, as Professor Chamberlain has suggested, or whether 
Sio st'paratiou was produced as Laplace supposed, while of 
the highest importance in the aseertainment of exact knowl- 
B and truth, is a mere incident to the broader principles 
feovered by the hypothesis. The scope of the present under- 
taking is to account for the creation of atoms and nebuls, 
and for ^avity itself, and ends where the nebular bypothesis 
_ begins. 

Nor doe« the scope of the present undertaking treni 
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Upon the grounds oceapied by Arrhenius in his "Wort 
the Making," in which he so forcibly marshals the evidd 
showing the manner in which worlds and suns in space are 
being huilt up from "cosmic dust," and old worlds and suaa 
are going to their deaths and destruction — the evidence in 
favor of the endless cycle of Ilerbert Spencer- Arrhenina 
assumes that the ultimate material atoms are indestmctible 
and always existed. Our present undertaking is to bring 
the atoms of matter within the cycle, and to marshal the 
evidence showing that matter begets matter, and that matter 
is at all tiroes in process of creation, and is capable of being 
destroyed by the reverse of the forces and conditions which 
brought it into existence. 

170. Creation and Effect of Fields of Force.— It will be 
remembered that in arriving at the formula for the waw- 
lengths of the Fraunhofer lines of the hydrogen atom 

* = '*'(»=2V*)=''(ff^) 
as we did in section 144, we assumed that the field in n 
the standard ether particles were set in revolution waa i 
ordinary field of the ether structure, in which the flows i 
the stress-lines was the ordinary standard unit flow of tha 
ether. 

Suppose now we consider the conditions which would 1 
in the interior of a great cluster of primordial atoms foi 
and in process of formation. The opposition forces of g 
ity, repulsion, and centrifugal force would necessarily create 
great pressures between the atoms and tend to increase the 
velocity of revolution of the particles, and the intenwty and 
velocity of the flows passing in the stress-lines within the 
field under consideration. 

We would have conditions under which instead of the 
flow in the stress-lines being unity, the prime radius of the 
standard ^stem, the velocity of the flow for that partieoIitF' 
field would be some multiple of the prime radius 1 
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some of the other prime radii corresponding to 
some larger equilateral triangle or hexagon system 
to the state of the pressure in that particular tield. 
e thus have the basis for the creation of elements of 
;her atomic weight than hydrogen, acoording to the atal 
pressure in the particular field in which the revolution 
standard particles is set up. 
We have illustrations of the existence of such fields 
force in miniature in the magnetic fields of force created by 
magnets or electrical currents. In the case of natural mag- 
nets the field of force is automatically maintained. 

Magnetic Fields of Force. — It is generally considered 
established in the theory of electricity that in the phenomena 
esbibited by what we call the passage of a current through 
a wire, the path of the disturbance or of the electric particle 
is in fact a spiral around the wire, and that this disturbance 
takes place in the dialectic medium surrounding the wire, 
whether that dialectic be air, paraffin or other non-conducting 
material ; at least the contact of the dialectic with the sur- 
face of the wire furnishes a line of least action which deter- 
mines the path of the electric particle spirally around the 
wire. If we regard the electric particle as a particle of the 
lud order, then one lap of the spiral around the cir- 
ference of the wire would represent a particle of the 
order in respect thereto. Such a particle of the first 
order would be a force centre, from which radiations would 
be sent out in a plane at right angles to the direction of the 
wire, and this accounts for the so-called magnetic waves sent 
out in planes at right angles to a wire through which a cur- 
rent is passing. 

Let us now refer to the phenomena explained in sections 79, 

SO, and Figure 26, and to save repetition we will suppose the 

reader has refreshed his mind as to what was there said. The 

rim ADCD of the section of the cylinder (Fig. 26) will 

irescnt one lap of the wire through which the current 



^ 



wire, 
Bbcoe 

^Prst 



THE DNIVEBSE AND THE ATOM 



^V pasaing aroDiid the cylinder. There are man; laps ( 
^^ spiral path of the particle in one lap of the wire around T 
cylinder. 

Any lap of the spiral path of the electric particle as at 

IM, acting as a force centre, will be sending radiations toward 
the centre O. Similarly every lap of the spiral path of the 
electric particle around the wire forming the ci renin fere nee 
of one section of the cylinder will be sending radiations to- 
ward tie centre 0. Thus the entire interior of the section of 
the cylinder will be put under high pressure or created into 
a field of force, called a magnetic field of force, the strength 
of which will be dependent, among other things, upon the 
driving or electromotive force in the electric current paasii^ 
' through the wire. The pressure in the interior of the cylin- 

der would be different from the standard pressure of the 
ether medium, and therefore the velocity of flow in the stress 

• lines within the interior of the cylinder would not be the 
unit velocity flow represented by the side of the standard 
triangles of the ether structure, but would correspond to 
I some one or other of the sides of the larger triangular sys- 

tems which are fixed by the positions of the standard particles 
in the ether structure. See Figure 55, post page 274. 

I Under the conditions of the experiment the interior of the 
cylinder is filled with some material substance, such as water, 
bisulphide of carbon, or a gas. Whatever the substance 
used, it is composed of molecules, and these molecules are 
composed of atoms, and as a finality these atoms are com- 
posed of particles in ring motion, as in the case of the hy dto- 
gen atom. 
Now when the radiations from each lap of the pal 
the electric particle are sent toward the centre of tha^ 

tion of the cylinder, they pass through the rings of tike 
atoms of the particular material within, and necessarily 
I affect the motions taking place therein. Moreover the flow 

of the current around the cylinder means the forceable mov- 
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ing of each lap of the spiral forward in the direclion of the 
Bow of the current. Tht; radiations from the electric par- 
ticles would therefore tend to set up revolution of substance 
within the cylinder. This revolution might be of all the sub- 
stance within the section of the cylinder arouod the cent 
as where tbe entire volume of water within a circular 
is set in motion by friction with its outer rim which is set il 
rotation ; or the revolution set up migbt be of the molecules'' 
of the particular matter in the interior of the cylinder, each 
molecule merely turning ou its own axis ; or the rings of the 
atoms composing the molecules, acted upon by the repulsive 
effect of the radiations, may revolve the atoms about their 
centres. The phenomenon seems to show that the latter 
effect is what actually takes place. 

TIus is shown by the fact that the particle KL, of polarized 
light, is revolved through the angle to tlie position K'L', 
only when matter of some kind occupies tlie interior of 
the cylinder; and that tbe light-wave particle is moved by 
repulsion, would require radiations from particles of tbe 
same order of magnitude, which would only exist, under the 
circumstances, in the radiations from tbe particles of the 
lower orders of the rings of the atoms so set in revolution. 

Now the radius of tJie light-wave particle KL will depend 
upon the color of the light which is used in the experiment. 
We may represent that radius by r, and if that particle be 
•et to revolving as a particle of the second order around the 
centre (/, such that O'J ^= R, then in order that automatic 
action shall be maintained, we must have on the principles 
0f sectioa 141: 
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In which equation unity will represent the side of the tri- 
sngular system fixed, among other things, by the elcctro- 
itive force of the current. When that is known, and r 
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is known, it fixes tbe value of R, that is to say, it fixefi tbe 
lengtli of the radii of the vortex motions which are set up in 
the interior of the cylinder. 

There is room here for much experiment in order to de- 
termine the values of Ihe constants which enter into any sneh 
phenomenon, but undoubtedly we have an explanation of 
magnetic fields of foree, which must be substantially cor- 
rect, and gives such an insight into the mechanism involved 
as has not heretofore been furnished. 

Such a field of magnetic force ought to be a very appro- 
priate laboratory in which the creation or transmutation of 
the chemical elements might be accomplished. Whether such 
a field could be created artificially of sufiicient strength, and 
the mechanical connections made to accomplish the desired 
results, is another question. 

170A. Transmutation of Elements. — Sir William Ramsey, 
by passing an electric current through a bulb containing only 
attenuated hydrogen gas, under test conditions, claims that 
he has accomplished the synthesis of Lithium, either from 
the hydrogen atom or from the electric current itself. If the 
results claimed be confirmed, the writer would inter that it 
was by setting in revolution the particular hcsagon of the 
ether structure whose prime radius cori-esponds to the atomic 
weight of Lithium, although the presence of the hydrogen 
atoms may have been an essential of the process. We will 
refer to this correspondence later. 

Recent chemistry assures us that the strongly radio-active 
elements, which all have the highest atomic weights of any of 
the elements, are in process of spontaneous disintegration. 
Uranium brealiiiig up into radium and helium, and again 
radium into niton and helium, and lastly niton into helium 
and perhaps something else. We would naturally expect 
that the elements of highest atomic weights, which could only 
have been formed in the fields of force of the greatest 
Btrength, would, if any, be subject to flpontaneoua dis 
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gration. We would also naturally conclude that if artificial 
QSmthesis of the elements can be brought about it would be as 
to those elements possessing the lowest atomic weights, be- 
cause they are evidently formed in fields of force of lower 
strength* 

It is not within the limits set for the present work to 
go into the treatment of all electric and magnetic phenomena. 
The application to them of the ideas herein advanced will 
not change the fundamental results of experiments which 
have become embodied in the settled formulae of electrical 
science, but would interpret them under new mechanical 
concepts. 



CHAPTER XXI 

THE "HOT" FORM OF THE HYDROGEN ATOjl 

171. Let us return to a cou side ratio □ of equation (fi 
Hection 145, ' 



(11) 



Z' = 



R'V- 



-2V* 



in which Z is the velocity of progression of the light i 
sent off by a standard particle revolving with radius R i 
plane around a given centre with velocity V. 

We have determined that, in order that automatic i 
shall be maintained solely by action of the standard | 
flow at the centres of intake, we must have V*^ 

It is one of the peculiar features of mathematical fornmle 
derived from the imposition of conditions prescribing one 
way in which the relations comprehended arise, that they tr» 
quently point out that there are other ways in which, j 
same thing may be accomplished. 

An inspection of (U) shows that there are two valuei 
V which will give the same value of Z*. Let us therefore 
determine the other value of V which pairs with the valae 
V':=2, and see ander what conditions this other velo* 
of revolution can be maintained automatically. 

Substituting in (11) the values V'^2, we have 



2R' — 8 
Equating this value of Z* with (11), we have 
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4R' _ 4R' 

2R* — 8 



Solving by quadratics, ^ 

(21) V.= 

(22) Y," 



e obtain the two values; 
= 2 

_R' , 



Since the sign of V merely indicates the direction in whicfa 

the particle of the First Order is turning, we may conclude 

that there are in fact but two different numerical values of 

V which will give the same values of Z*. 

It will be noted that the second value of V is not inde- 

ludent of R. We had, section 145, equation (14) 



ibBtitnting the value of V from (22) in (14), we obtain 



^pendent of R. We had, section 14o, equati 
^HnbBtituting the value of V from (22) in 

H^d UDce (see. 146) 8ir = 3646.13 X 10' c: 
^^ (23) A = 911.54R=X10' 



^4 
: 3646.13 X 10' cm., we have : 
= 911.54R=X10' 

It will be observed from (23) that the wave length of the 
wave sent off when the revolving particle has this second 
velocity increases directly as the square of the radius of 
rt'volution, whereas the wave length of the wave sent off 

fV=V2, which oorresponds to the wave lengths of 
drogcn spectrum equation (15), seetioo 145, decreates 
tncreasea. 
m the facts referred to in section 84, it appears that ■ 
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whatever may be the namber of rings in the hydrogen mole- 
cule, the retina of the eye is so constituted that it does not 
take cognizauce, at least ordinarily, of any waves except 
those lying inclusively between the red and violet of the spec- 
trum, the masimum of value A given by Balmer's formula for 
the red being X = 6563.07 when R = 3. 

Nevertheless ("Baly Spectroscopy," p. 602), Paschen, by 
use of photography, has observed an infra-red line for 
gen having the value 

A ^18751 approximately. 

Now if in equation (23) we substitute for R the 
2, 3, 4, 5 successively, we obtain 

A= 3646.13 
A= 8203.86 
A =14584.52 
A = 22788.50 

It will he observed that 3646.13 is beyond the violet wave- 
lengths on the one aide, and 8203.86 is beyond the red on 
the other side of the visible spectrum. 

We know that the heat rays are from the long wave- 
lengths of the spectrum, and especially at the end of and 
beyond the red. 

Assuming that the conditions conld arise under which ata- 
bOity of form and automatic continuance of the motions 
taking place in the atom could be had with velocity V*=: 

-g 2, it would mean that those conditions give rise to 

heat waves, and waves of longer length, electrical and mag- 
netic waves. 

It seems somewhat against preconceived notions that the 
heat rays are a result of a higher velocity of revolution of 
the particle than light rays. The order of saccession, in Qb- 
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^H^ed phenomena, is titat matter gets hot, then red-hot, and 

^Tnen breaks into incandescence. 

We most remember, however, that the molecules of ordi- 
nary matter are held together under great pressure by the 
force of gravity. The first work done in the application of 
energy (by heating or otherwise) to ordinary matter is to 
separate the molecules, and necessarily a large number of the 
independent atoms are set free, and as a consequence the 
velocity may be decreased to the normal value V ^ y/2, at 
which reduced velocity we get the light effect. 

If in the expression V = ^ — 2 we make R = 2 we have 
T^o. But V^o means that the particle in the ring 
with radius 2 is not revolving at ell, and the energy of the 
particle would have returned to the regular rate of flow of 
the stress lines of the ether, which is what we denominate 

Ie absolute "cold" of outer space, 
172. Let us consider in what way the mechani-sm of our 
solving particle could be so affected that a velocity of revo- 
ttoi 



R' 



given by V=^~9 — 2 could be imparted to it and.| 
imatic action be still maintained. 

Suppose that the particle of the First Order now nnder 
consideration is situate in a field in which it is surrounded 
by a great cluster of similar particles formed and in process 
of forming. Such a field would be presented in the exterior 
of a nebula, in exterior portions of a cooling sun, or in an J 
ordinary flame or magnetic field, the amount of gravitational I 
or other pressure varying according to the conditions, i 
Under such conditions the pressure due to reaction between I 
the atoms of the cluster would be great. 

Since velocity increaaea with the force applied, and since 

from the expression V*^-^- — 2 we see that V increases 
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with B, it follows that particles revolving i 



1 the rings of 



email radius would take oa the velocity V' ^ -^ 2 much 

sooner than those revolving in the rings of larger radius, 
and there would be a growth of the acquired velocity from 
the interior rings outward toward the limit of the particle 
rings fixed by the ether structure. 

We may place the expression for this new velocity, 
the form 



(24) 



H^ 



the Idea 
>aaured^^ 



173. Let us now interpret the motions indicated by the 
above expression for the velocity of revolution in the light 
of the double particle motion. 

Suppose the line 00, (Fig. 52) is 
drawn through A, perpendicular to the 
plane of the paper, and that OA = 
0,A = 2. We can express the idea 
that these distances ere meai 
right angles to the plane of the 
by putting 

0A= 2V" 
0,A = — 2 V'^^T 
We are supposed to be seeing the tri- 
angle OBOi in perspective. 

Suppose that there are two standard 
particles in contact at 6, which had 
been previously revolving around 
and O,, and each of which at the in- 
■e 52 stant of contact would be travel- 

ing in the line BII,, which would be in 
of the paper, and tangent at B both lo radii BO 
By reason of the contact, the flows in OB ai 




the plani 
and BO,. 
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B the two particles would brace them laterally, and the t 
particles would together revolve in the circle BLMNPQ ' 
aroimd the dcw centre A in the plane of the paper. Never- 
theless, each would maintain its radial distaiice BO and B0„ 
respectively, from and 0,. 
We may put BO = BO, = R and BA = m. 
Siuce BAO is a right angle 



BA* = BO' — OA' 
m'=B» — 4 



^H From the right angle triangle BAE we have 

^H BE = m V~S 

^Tflen 



BD =Bn=i 

BH, = BH = V 2BD'= V % «o»li ' 



represent, as we have heretofore seen, the velocity at which a 
single particle would require to move in order to maintain 
aatomatie action, whatever may be the radius AB of revola- i 



' off 



BG = 



BE 



nV2 
2 



BG = 



•JS 



VR'- 



BG, = BG = V, and we have 



F 

^Hf (24), and BO, represents the tangential velocity of the 
^^aoable particle at B when. revolving at B, or in other worda, 
the velocity of the particles when giving off heat waves. 
If the flows take place from A to O and to 0, respectively, 



y |R' — 4 



which gives the construction 
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Linear pressure in BAO = m + 2 V 
Linear presaure in BAO, ^ m — 2 V 
And the combined or areal presaore P due to the two parti- 
cles will be 

P=(m + 2V'^) (m — 2V^1) 
or P = m' + 4 

Lay oCF AF =^ 1, and eonstraet the right angle ti 
FEK cutting AB extended at K. 
then AP X AK =AE" = AB» 

or AK = m' 

AK+4 = m* + 4 = R' = P 

That is to say, the pressure of the flow through the cen- 
tre A would be the same for the double particles revolving 
around A, with radius AB = m, as is represented in a con- 
tinuous linear flow from KA, on the principles of Beetion 
132, and is equivalent to the square of BO = B0„ the rsdius 
with which the particles are revolving around the centres 
and 0,. 

174, The foregoing considerations, taken in connection 
with those discussed in chapters xiv and xxi, lead toward the 
following conclusions: 

(a) That the hydrogen atom in its primordial form is 
composed of a succession of rings the radii of which com- 
menciug at the inferior limit 2 increase by unity outward 
toward an exterior limit. 

(b) That in the double particle construction formed UBder 
pressure, it is disk shaped, the length of the axis of the disk 
being 4 standard units, and its radius measured from the 
centre of the axis to the outer ring is 24 \'d units, and that 
in that form, the 0ows from the centre, on which its atomia 
weight and gravitational influence depend, are the same aa 
if it was composed of (24 V3)* + 4 or 1732 rings, and^hf^. 
revolution was in one plane. ~ 
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(o) That in a field of pressure the minimum pressure 
raid be attained when several of these disks were forced 

each other so as to become concentric, and the most sim- 

1 form which would accord with the symmetry which 




Figure 53 



would be enforced by the repulsion of its particles of the 1 
Second and Third Orders indicates that the complete atom ' 
would be composed of three concentric disks, the central 
planes of which would be at right angles to eseh other. The 
leral result would be spherical and give the Qui 
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Subject to the variationa which might ocenr by reason of 
the number and position of the disks forced into e/mmetricsl 
concentric positions as indicated in section 169, the general 
form of the complete combination atom may be represented 
in cross section as two disks, and side view as to the otlier 
disk by Figure 53. The central planes of the three disks 
are placed at right angles to each other. 

For the hydrogen atom AB = 24 V^^ and OB' = AB' + 
OA' = 1728 + 4 = 1732 ^ R'. 

(d) If by any means (cooling) the internal energy bo 
extracted from tlie fluid atom while the external pressure 
ia increased, we can conceive that the path of the standard 
particles revolving around the centre A (Fig. 52) might be 
changed from the circular into the periphery of the hexagon 
BLMNPB, and so that its velocity Y ^ BL = R. 

From what we know of crystalline structure, and from 
the analogy of the flows which take place in the sides of the 
standard equilateral triangles or hexagons of the ether struc- 
ture, where R ^ 1 and V = 1, there is strong reason for be- 
lieving that in the solid state of the hydrogen atom the par- 
tide is moving in the nature of a flow in the side of the 
hexagon formed on AB = V^^' — *. with velocity V = 

VB' — 4. But BL = R is greater than BO, = J ^ - ~ -- . 

If we substitute for V, the value V, =^ R in equation (Ij 
section 138, we get 

A = — Sir 

and if we substitute for the value V, ^ R in equation (D 
of section 138, we get 

in which Z represents the velocity of progression of the 4 
sent off. 

This would indicate that in the solid form the d 
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the flows out of the particle of the second order heretofore 
considered are reversed. 

The foregoing discussion qt the hot form of the hydrogen 
atom is to a certain extent speculative, and therefore we re- 
gard it as subject to modification, but it indicates a line of 
investigation which promises more certain results in regard 
to the conditions under which the liquid and solid forms 
are produced. 



CHAPTER XXn 

THE ATOMIC WEIGHTS OF THE ELEMEN 
THE PERIODIC LAW 

175, From the time of John Dalton's investigations and 
discoveries in the heginning of the last century, our cbemiats 
have been engaged in the discovery of new chemical ele- 
ments and in the determination of their respective atomic 
weights. The element of the smallest weight, hydrogen, 
being taken as nnity, the relative weiglits of the other knowo 
elements were determined with a fair degree of accuracy 
from the proportions in which any two elcmetits combined 
and from the proportion of one element which was required 
in chemical reactions to replace any other element in a com- 
pound of two elements. 

William Prout advanced the hypothesis that all the other 
elements were made up of condensed hydrogen. This view 
was largely accepted in the scientific world until more exact 
methods of determining the atomic weights showed that the 
atomic weights of a very large number of the elements were 
not exact multiples of the atomic weight of the hydrogen 
atom. TIius, for instance, most of the text hooks of even the 
latter part of the last century, on the basis of the atomic 
weight of hydrogen being taken as unity, gave the atomic 
weight of oxygen as exactly 16. It has since been deter- 
mined by a very large number of different investigators and 
by different methods that the true atomic weight of oxj^en 
is 15.87 on the basis of hydrogen 1 (Ostwald). The facts 
to which we above alluded led a great many thinkers to tfaf 
conclusion that while all the other elements might 
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ide up of hydrogen atoms, that the probability is that all 
the elements ineludliig hydrogen are made up of specially 
arranged clusters of some primordial atom, perhaps very 
many times smaller than even the hydrogen atom. The 
breaking up of the recognized chemical elements into any 
smaller particles, however, defied all chemical processes, and 
the indestruelibility of the recognized chemical elements 
became an accepted dogma of our text books. Indeed, for 
any thinker to seriously advance the idea that man might 
yet be able to bring about a transmutation of one element 
into another in those days would have at once placed him in J 
the class of the cranks who were endeavoring to construct! 
what was then regarded as such an impossible thing as a I 
flying machine. I 

Later investigations brought to the knowledge of the scien-l 
tists that if instead of comparing the atomic weights of all | 
the other elements with hydrogen as unity, which makes 
oxygen 15.87, we take the atomic weight of oxygen at 16, 
which would make the hydrogen atom 1.008 +, that a larger 
number of the atomic weights of the elements as then de-.J 
t«rmined would be expressed in exact whole numbers. It J 
waa not believed that this was a mere coincidence, but that! 
it was due to some fundamental relationship in the structure I 
of the elemental atoms themselves. I 

For this reason there came into use two methods of ex- 1 
pressing the relative atomic weights of the elements, one I 
based on the hydrogen atom as unity, which makes oxygen J 
15.87, and the other system based on hydrogen as 1.0008+ j 
equivalent to oxygen 16. I 

Notwithstanding the improved methods of the last few! 
years, on account of the difficulties involved, especially in I 
reference to the determination of the atomic weights of cer- % 
tain of the elements, new research and experiment are con- J 
tinually causing the chemists to change their tables of 
^■omie weights. These changes in the last few years in the 
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main have been but slight. On this subject, Dr. Ostwald," 
his article on the elements in the Enc. Brit., 11th ed., says: 

"TheBe numbers undergo incessant small variations be- 
cause of new work done for their determination. To avoid 
the uncertainty arising from this inevitable state of aSaini 
an international committee was formed by the cooperation 
of the leading chemical societies all over the world, and an 
international table of the most probable values is issued 
every year." 

176. Triads of Dobereiner. — Early in the last century 
J. W. Dobereiner of Jena noticed that certain of the chemical 
elements arranged in triads possessed very similar proper- 
ties, and their atomic weights were in certain peculiar 
mathematical relations to each other. Thus the triad ele- 
ments calcium, strontium and barium are very similar in 
their chemical properties. 

The same is true of the triad elements chlorine, bromin« 
and iodine. 

The same is also true of the triad elements sulphur, sele- 
nium and tellurium. 

According to the International atomic weights for 1913, 
on the basis of osygen 16, the atomic weights of the above 
elements are as follows: 

Cnldnm 40.07 Chlorine 35.46 Sulphur 88.07 

Strontium .... ST. 63 Bromino 79.02 Selenium 19.02 

Barium 137.37 Iodine 126.92 TcUuriunt IZi.S 

The atomic weights of the middle element in each triad 
is approximately the arithmetical mean of the o 
Thoa 

40.07 + J87.S7_„„„ 
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177. Newlands' Series of Sevens.— In 1863 J. A. R. New- 
lands pointed out that if commencing with the atomic weight 
of hydrogen as 1, the chemical elements be arranged in an 
ascending series according to their successive atomic weights. 
placing the elements which bad similar propi'rties under 
each other, they naturally arranged themselves in series 
of sevens. That is to say, the successive members of the 
same group of similar elements are recurrent as the octaves 
in music. Lothar Meyer and iVlendeleeffi still further de- 
veloped these and similar relationships, and demonstrated 
the proposition that: 

"The properties of an clement are a periodic function of 
its atomic weight." 

178. Table of the Periodic Law.— The table. Figure 54, 
gives the arrangement of the then known elements, as placed 
by Blendeleeff in 1904, but the atomic weights have been 
made to conform to tlie determinations as given in the "la» 
ternational Atomic Weights" for 1913, on the ! 
= 16. 

The following rare or recently discovered elementd 
not included in the table but would naturally fill in appro- 
priate vacancies in the groups. 

Phaseodymium 140.6, Neodymium 144.3, Samarium 15QA, 
E-uropium 152, GadoUnum 157.3, Dysprosium 162.5, , 
mium 163.5, Eubium 167.7, Thulium 168.5, Luticium ^ 
Niton (Radium emanation) 222.4. 

It will be observed from the table that the elements i 
arranged in horizontal lines called series, and in vertical 
columns called groups. 

The column of llie "Zero" group contains those elements, 
Helium, Neon, Argon, Krypton, and Xenon which absolutely 
refuse to enter into chemical composition with any of tfa6 
elements of that or any other group. 

The Hydrogen heads Group 1, but it stands in a seriqj 
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T itself. It will be noticed that Newlands' series of ' 

a" runs through the whole table, but in the fourth seriei 
a new group called '■Group 8" 

In general it may be said that: 

"The actual position of any one element in the table i 
fixed solely by the weight of its atom ; and once bo fixed, it 
other properties follow as a matter of necessity from it 
series and group relations." 

This may not be strictly true, because we are not quite 
sore of the absolute accuracy of the determination of the 
atomic weights of all the elements. For instance, the table 
of International Atomic Weights for 1913 gives Tellurium 
127.5, Iodine 126.92, a alight change from former values, 
which would make the two swap places in Groups 6 and 7. 
This seems to be one exception to the general law, but it 
may be that there has been some slight error in the determi- 
nation of the atomic weights of either one or both of those 
elaments, or there may be some special cause operating ta J 
bring about that result which makes the exception to the | 
law. 

It ta one of the statements of the law that the elements 
whose places in the table lie in one horizontal line or 
"series," although they vary step by step, are yet markedly 
different from each other. 

On the other hand the elements whose place lie in thaj 
same vertical column or group, while they vary progressively ■ 
from top to bottom of the column, yet they very closely 
resemble each other and are of the same type. 

Again it is one of the statements of the law that each 
group may bo divided into two sub-groups, in which the re- 
semblance between the members of each sub-group is still 
more striking. 

Thus, Group 3 may be divided into two sub-groups as fol- , 
lows: 
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Sub-group A Sitb-grovp B 

Calciom Beryllium 

Strontium Magnesium 

Barium Zinc 

Cadmium 

Group 7, known as the family of the Halt^ns, is divi 
into two sub-groups as follows: 



Sub-group A 

Fluorine 

Chlorine 

Bromine 

Iodine 



Sub-group B 

Manganese 

Samarium 



In the language of Prof. R. Kennedy Duncan in "Ksir 
Knowledge, ' ' 

"If fluorine will do a certain thing, chlorine will do it 
more, bromine still more, and iodine most. Or it may be the 
other way : if fluorine will do a certain thing, chlorine will 
do it less, bromine still less, and iodine least of all. ThB 
important thing is that as the elements vary, they vary 
progressively in steps as the atomic weight rises. . . . 

"Now what holds good for Groups 2 and 7, holds equally 
good for every other gronp of the system. As a matter of 
fact, the elements of matter fall naturally into a series of 
.gronps. Each group falls naturally into two sub-groups, 
which bave in certain propertiea an unmistakable relation 
to each other, while the constituent members of each sub- 
group resemble each other to an extent so remarkable that 
1 general terms it may be said that what one will do the 
Others will do, and that in their very differences they vary 
Urogressively in different steps. Furthermore, all these re- 
Ations are tme because of the law that the properties of 
n element are a periodic function of its atomic weight," 

When Mendeleeff first announced the periodic law, the 
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Bpaees in this table dow filled by scandium, gallium am 
germanium were not tilled, because the existence of those i 
elements was not then known. But on the basis of this law 
he predicted in 1871 that aueh elements would be discovered, 
and what the atomic weight of each would be, and the chemi- 
cjal properties each would have. 

In 1875 gallium was discovered in Prance; in 1879 Sea 
dium in Scandinavia, and 1886 Germanium in Germany, a 
each had the respective atomic weights and properties so 
predicted by Mendeleeff. 

179. It looks as if the truth of the law could not be more . 
firmly established, and yet there are evidently irregularitioa 
in ita operation which are not yet explained. 

Dr. Ostwald in hia article on the elements (Er 
11th ed.) says; 

"Upon closer investigation, it must be confessed that thei 
regularities can be called only rules and not laws. In t 
first line one would expect that the steps in the values <XM 
the atomic weights should be regular, but it is not so, ThersJ 
are even cases when it is necessary to invert the order of tbi 
atomic weights to satisfy the chemical necessities. Thai 
argon has a larger number than potassium, but must p 
it in order to fit into its proper place. The same is true 
tellurium and iodine. ... It looks as if some very impor- 
tant factor regulating the whole matter is still unknown, and 
before this has been elucidated no satisfactory treatment o 
the matter is possible." 

Notwithstanding tlie above, we agree with Professor Dm 
can that Alendeleeff and others, working on the same 1 
have established the general truth of the law beyond ques- 
tion. They have failed, however, to get at the fimdamental 
reasons for the existence of the law, and therefore are unabltt^^ 
to explain the " perturbations " which appear in the opei 
tion of the law. 

shall endeavor later on to elucidate an "ii 
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factor" which ought to regulate the whole matter, feeling 
assured that in the end it can be used to clear up all the 
problems of the "Periodic Law," although we may not be 
able to accomplish bo much within the scope of our present 
ottdertaking. 




CHAPTER XXin 

THE ATOmC WEIGHTS OF THE CHElVnCAL ELB- | 

tMENTS ARE CLOSE MULTIPLES OP THE PRIME 
RADII OP THE HEXAGONS OP THE ETHER 
STRUCTURE WHOSE PRIME RADII LIE BE- 
TWEEN 1 AND 7 



180, In Figure 55 we have represented the standard tri- 
an^Iar system of the ether structure, and have drawn a 
few of the successive hexagons of the ascending series in 
relation to the central position O, commencing with the stand- 
ard hexagon A,BiC,D,E,F, the aide A,B, or radius OA, of 
which represented by R, we take as equal to unity. 

Since the side of each hexagon is exactly equal to its radius 
(what would be the radius of the eireumacribed circle) we 
can select these radii by inspection, and easily calculate their 
lengths. Also since the figures are hexagons, each one of 
them is obliged to have at least one corner lying within the 
sixty degree angle AOB, 

Within that angle, as we pass outward from O every 
standard particle successive in distance from 0, and at the 
comers of the equilateral triangles, forma one of the six cor- 
ners of a new hexagon. We have only to compute the di»- 
tances from to these respective positions of the standard 
particles to obtain the radii of the respective ascending hexa- 
gons. It will be observed that the radii of most of the 
larger hexagons are simple multiples of some one or other 
of the radii of the smalb'r hexagons. Thus for instance, th« 
radius of the hexagon of which OjH, is the side, is 00,^ 
If we taie OA, = R, ^ 1 , the lengths of the radii forj 
273 
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^H the successive hexagons are etm\y computed from the right 1 
^H angle triangle formations, and are as foUowB up to the {IM^J 
^1 l^^l 
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fwn ATOKIO WEIGHTS OF THE CHEUICAL El^MSNTS 2n 
OKi =0I> (double hezagDn) 



OQm i=aD=3Rl 



00. = R» = 4R. 



= 2v7 = 



= 3V3 = 

= 2^7 = 

= V^ = 
= 

= V3ir= 

= vT3 = 
= 4\^ = 



ov.= 



^3.4841018 

= 3.C0555I3 (double hexagon) 

= 4. 

= 4.3fi889SB (double hesagon) 

= 4.682fi7&7 (double hexagon) 

= 5. 

= 5.10G1G24 

= 5.2015020 (double hexagon) 

^65677644 (double beit^oD) 
e. 

6.0827625 (double hexagon) 
6,2449980 (double hexagon) 
0.6574386 (double hexagon) 
6.9282032 
7. (triple hexagon) 



L><=Bm = 



_ It vim be observed that wheu we reach the magic mimber i 
BiBTen we have the coincideDce of a triple system of bexagons 
Be the same radius. And this does QOt occur again except 
■ in multiples of seven. 

Of course all the hexagons which have sides the leDgthaJ 
of which are expressed by iutegera have radii which are! 
multiples of the radius of the standard hexagon, because the ' 
radius of that is nuity. The prime radii will be those which 
are not multiples of the preceding ones, and selected from 
e above are as follows: 

T&BLE OP Pbiue Radh 

OAi ^ Ri ^ =1. (lingle hexaffans) 

OOi ^ R> — =1 73205 iBinRte hexagona) 

Oil =R, = =2fi4675 (double heiagona) 

OMi = Si= =3 60566 (double hesagooa) 

0N> =Em = =4.3589 (double hexagons) 

OP. = Rii>= =4,58237 (double hexagons) 

OQi = Ri. = =5 66776 (double hexagona) 

OSt =R<>=! = 6 0H27 (double heiagona) 

OTi =R»^ =6.246 (double bexagona) | 

OU. = Ru = = 0.6674 (double bexagoaa) ■ 

0X> = Ru~ = T.8102 (double bcxagooa) ■' 
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OT<=E>= ^81854 (double beragOBi) 

OZi = Eb = = 85M (doable beugona) 

Om ^ Ra ^ = 8.888 idooble hexagons) 

Ob = R- = = 9-53ai 1 _ . , , 

Oc =R-= =8,5304/ ^'^P'*'"'"*"" 

Od =B>= =9.S4S8 <doubl« hesugona) 

For present purpoees it is not necessary to carry the coca- 
putation of all the possible hexagons fnrther, because, as we 
ehall see later, the atomic weights of all the known elements of 
matter are either exact multiples of the lengths of tlie prime 
radii of some one or other of the first few hexagons occurring 
between the ranges of radius 1 and radius 7. or approximate 
to that result so closely that it docs not seem possible that it 
should be a mere coincidence. 

Before we pass on to that emiMal test, there are one or two 
points well to be borne in raind. 

181. Consider first the motion which must take place it 
a standard particle at the comer of the hexagon of the first 
higher order whose side is G,H, is set in revolution in each 
a way that the standard particle is forced to travel in the 
line G,II,. We could conceive that, with a moderate amount 
of compression and pressure, that would take place, because 
G,H, is a line of flow of the next order below the standard 
lines of flow represented by the sides of the standard € 
lateral triangles. 

So again, if a standard particle at the comer of the I 
gon whose side is 6,11, is set in revolution, ao that the b 
ard particle is forced to travel in G,H;, that being a line of 
flow of precisely the same order as G,n,, there would be no 
more difficulty in that case than in the other. The same 
would be true of any of the ascending hexagons whose radii 
are multiples of the radius of the hexagon whose side is G,n„ 
or radius 06,. 

Whether the revolution of the particle be strictly in the 
side of the hexagon considered, or be in a circular path based 
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on the radius of the hexagon, the facility of motion of thai 
particle would be influenced by the state of pressure in the ' 
stress lines to which that path approximates. 

Again, let us consider the case of the hesagoos whose radii 
are respectively 01, OM., ON,, 0P„ OQ. 0U„ OW^. AH . 
of these radii lie in the lines of flow of successively lowerj 
orders below the order of the line of flow to which CI,Hjl 
belongs. The same is true of the sides of the hexagons to ' 
which the above radii belong. It follows that it becomea 
more and more difficult to force the standard particles to 
travel through these "tubes of flow" as the length of the i 
radiua is increased, unless the radius of increased length iai 
a multiple of the radius of a smaller hexagon of the ethef I 
Btructure. 

Therefore we would naturally expect that, in the processeB I 
by which the diiferent elementa of matter are formed from I 
the ether, through the operation of successively higher fields ' 
of pressure (sec. 170), the atoms of abort radius and 
therefore of lightest weight would be formed first, and be 
found to exist in the greatest abundance. Also that as stand- 
ard particles at the corner of hexagons of larger radius are 
set in revolution, their radii of revolution would be multiplea 
of the radii of some one or other of the smaller hexagons. 
It must be borne in mind that, when revolution is set up, it 
must be maintained automatically by the regular flow of 
energy in the standard stress lines of the ether structure, 
and this is the circumstance which makes the radius of the 
atom definitely conform to the radius of some hexagon of 
the ether strufture. 

182. Atomic Weights of the Elements Based Upon the 
Atomic Weight of the Electron. — We have therefore seen 
(sec. 158) that the flow which is given off from tlic centre J 
of the elt'ctron or corpuscle, upon which its gravitational 1 
effect depends, is the unit flow of the standard stress lineal 
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■ of the ether structure, &nd that the flow from the centre of 

K the hydrogen atom upon which its gravitational effect de- 

pends is 1728 + 4 = 1732. 

We may represent the atomic weight of the electron by 

IOA, = R, ^ 1 ; the atomic weight of the hydrogen atom will 
be 1 X 1732. 
The atomic weight of osygen on the basis of hydrogen =1 
is 15.87. 
Turning to our table of prime hexagon radii (sec. 180) 
we see that Rj = V^, and 6 V7 = 15.87. So that the atomic 
weight of oxygen based upon the electron as unity would be 
1732 X 6R. = 1732 X 15-87. 

Whether the exactness of this correspondence is due to the 
fact that the atomic weight of oxygen has been determined 
with greater nicety and certainty than that of any other ele- 
ment (sec. 175) or whether to some other cause, the dose 
correspondence between the atomic weights of all the other 
elements and some multiple of some one or other of the first 
few prime radii of the ascending scries of hexagons, taken in 
connection with the fact that Balmer's formula with a mere 
change of constants lias been shown to be applicable to the 
spectra of the other elements besides hydrogen, would seem 
to point conclusively to the fact that the correspondence is 
not mere coincidence. 

If the experimental determinations of the atomic weighte 
of all tile elements were more certain, we could be more cer- 
tain of our conclusions as to the particular prime radiui 
upon which a particular atomic weight is based. 

In most instances the atomic weights correspond closely 
to the multiples of more than one prime radius. Indeed 
coincidences in the multiple radii would seem to be a deter- 
mining factor in fixing the radial limit of the atom, and 
therefore its atomic weight. Such a correspondence in miil- 
, tiple radii would imply that the standard particle rerolving 

^^ with that radius would have to pass through more J 
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re^fnlar nnmber of hexagon comers, and this wonld I 
mbject the particle revolvlug in that ring to a different! 
kind of acceleration from the particles revolving in corre-l 
spooding interior rings, and tend to fix the limit of the atom ff 
at tliat esterior radius. 

In the appendix (sec. 203) will be found a table of the I 
International Atomic weights for 1914, in which the values I 
E the multiple radii corresponding are shown. 
bl83. There are certain of the elements whose atomio I 

lughts do not appear to be constructed on the same basic ] 

tnciple as the hydrogen atom. 

lit will be recalled by reference to section 154, that the I 
dmum radius of the hydrogen atom was fixed by a 1 

bcidence between its particles of the Second Order {Fig, ■ 
47) by which their particles of the Third Order come into J 
collision with particles of the ether structure. 

By reference to section 152 it will be recalled that where I 
the particles were revolving around centres distant two 1 
nnits apart and lying in the plane of revolutiou, there were ] 
exact coincidences between the centres of the particles of J 
the Second Order when R = 4 and R^14. 

These values correspond to the atomic weights respectively fl 
of Helium, which belongs to the zero group of elements, ha?- f 
ing no combining power, and of Nitrogen, which has little I 
combining power. 

»Tbe members of the zero group other than Helium have 
t following atomic weights according to the 1914 table of 
jraic weights based on hydrogen ^1, to wit. Neon 20.2, 
•gon 39.88, Krypton 82.92. Xenon 130.2. These are not 
exact multiples of either 4 or 14. Whether they are atom! 1 
formed on a triangular base of 1 instead of 2 as discussed ■ 
» section 153, or on a Triangular base of 4 instead of 2 as 
Kossed in section 153, might be worth while considering. 
■184. This subject deserves a much more extended investi- 
pon than the writer could give it. The big proposition i 
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which we have demonstrated is that we have in the ether 
structure itself the basis for the creation of the different 
chemical elements and for the determination of their atomic 
weights based on that structure ; the determination of details 
will come when further investigations are made and the 
resulta i^stcraatized. 

The writer has deemed it more important to give others 
the benefit of the results so far obtained than to attempt to 
do more at this time. 



RESUME 

185. The reader has had presented the evidence, which toH 
le writer seems coaclusive, of the distribution of stars I 
gh ao uiilimited universe. Each of the stars, like oar I 
Son, iK radiating light waves in every direction through J 
space, and, at infinite distances from their sources, all J 
rays fro^a neighboring sources, coming into any finite field, | 
must proceed in parallel lines, and become by compositiMi J 
and diminution of amplitude invisible force rays. 

We reached the conclusion that to determine the normal 1 
condition of the ether, the influence of rays proceeding from 1 
nearby suns and stars must be eliminated from consideration, 1 
aa we would eliminate the waves from a passing steamer 
if we were studying the effect of tidal waves on the surface 
of the ocean. 

We reached the conclusion that the invisible force rays, 
into any given finite space, from every direction from 
le stars scattered with an average distribution in infinity, 
lUst, by reason of lateral pressure, organize the ether stmc- 
tore in systems of standard equilateral triangles arranged 
in planes. The sides of the equilateral triangles are formed 
by the stream lines passing in opposite directions. There 
is a nniform constant standard flow of energy through the 
Bides of the trianglei^ passing in throbs, and supplied by 
ndiationa from the stars in infinity. At the comers of 
Ifaeae triangles are situate normally the stationary waves 
led by the flows passing in opposite directiona through 
« or stress lines of the ether structure. 
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These stationary waves at the coniers of the standard 
triangles are ether particles of standard size under normal 
conditions. 

186. The ether particle in ita simplest form we have found 
to consist of an "eddy" or "whirl" of substance, the centre 
of which is itself revolving around a centre, the whole thus 
forming a particle of the First Order, The "eddy" or 
"whirl" is a partiole of the Second Order, It consists, in 
the same way, of a particle of the Third Order, or atill 
smaller whirl, revolving around the centre of the particle 
of the Second Order. The particle of the Third Order con- 
sists of a still smaller particle of the Tourth Order revolv- 
ing around the centre of the particle of the Third Order, 
etc., etc., to the infinitesimal. 

We have demonstrated that, in order that autooomy of 
the particle shall he maintained, the radii of particles of 
the successive orders which enter into its structure must 
hear certain definite relations to each other. We have shown 
that the radius of the particle of the Second Order must be 
normally the reciprocal of the radius of the particle of tfae 
First Order. The radius of the particle of the Third Order 
must be the reciprocal of the cuhe of the particle of the 
First Order. 

187. We have shown that, besides the standard system of 
equilateral triangles formed by Ihe flows of energy from 
infinity, and passing in the standard stress lines, there an 
a succession of lower orders of stress lines, forming lower 
orders of successively smaller equilateral triangles in the 
ether structure. 

As we consider them in succession, a lower equilatenl 
triangle system bears a certain definite relation to the equi- 
lateral triangle system above it, as well in the length of the 
triangle side as in position. 

We found that the standard equilateral triangle fonpi- 
tion of the ether, when considered from any poiut at 
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[ tri&ngles "corner," as a centre, naturally arraoges the 
Ttnicture in systems of hesagons, the successive hexagons 
having longer radii as we proceed outward from the given 
point taken as the centre, and each hexagon having but six 
ndard particles in its periphery. 

188. We have been able to ahow from certain pbenomei 
t local caoses, such as radiations from nearby luminous' 
"matter, or magnetic forces, are capable of setting the stand- 
ard particles in any given hexagon in revolution around 
the centre of the hexagon, and we were able to determine tbe 
conditions under which, when aueb revolution is ouce set 
up, automatic action will be maintained by the constant 
fiow of energy coming from infinity and passing through the- 
staudard stress lines. 

We have been able to determine from the equations of 
light wave motion, tbe wave lengths of the waves which' 
■vould be sent off by standard particles set in revolution 
^Hround Uie centre of a hexagon of aay given radius, and 
^nre have demonstrated that such wave length is given 1^ 
^we formula 

BJcri 
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\ "We found this exactly agrees with the empirical formula I 
rived by Balmer, expressive of the relationship existing I 
between the wave lengths of light at the different successive I 
Fraunhofer lines in the spectrum of the hydrogen atom, wheal 
we substitute for R in the formula, tJie successive numeralaj 
3, 4, 5, 6, 7, etc., etc., for the 29 known Praunhofer lines otm 
the hydrogen spectrum, and when we substitute for 8r| 
tbe valoe of 3646.13 X lO" cm. 
tWe were able to determine that the length of the side of 
! standard equilateral triangle of the ether structure is 
7.07 X 10 ' em. 

. Newton was never able to explain tlie why of gravi-/ 
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tatiOD, but wlen he had worked out the existence of the 
law, and applied it to the determiuation of the positions of 
the seven planets in their orbits at given times, and found 
the results reached answered to the theory, he considered 
this a demonstration of what we now recognize as a law. 

We have found on our theory of the ether structure, that 
the atoms formed by standard partieles in the periphery of 
the successive hexagons of the ether structure, having radii 
increased by the unit length of the side of the standard 
equilateral triangle, will, when revolving automatically, send 
off light waves having wave lengths corresponding to the 
wave lengths of light for the 29 known Fraunhofer lines of 
the hydrogen spectrum, and with a degree of exactness which 
eliminates any mere chance of coincidence. It would Beem 
that we are entitled to claim a demonstration of the funda- 
mental proposition. 

190, Prom the successive ring formation of the atom we 
were able to arrive at a very simple explanation of the 
reason for the law of gravitation on simple mechanical prin- 
ciples, and to show why two atoms of matter attract, or be- 
have as if they attract, each other, and why the more simple 
ether particles do not attract, and are not attracted, by each 
other or by matter, 

191. We have been able to arrive at a very simple explana- 
tion of electricity on mechanical principles, and to show how 
electrons are created by setting standard ether particles in 
revolution in one ring, and to show that the calculated gravi- 

_1_ 

1732 

atom, which corresponds to the experimental determinations 
with reasonable exactness, allowing for experimental error. 
We found that the maximum radius of the hydn^en atom 
is (24V3)' + 4=n28-f 4 = 1732. That is to say, that 
the gravitational effect of the hydrogen atom is the i 
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as if it were composed of 1728 rings with the usaal six stand- 
ard particles revolving in each ring. 

192. We have found that in the ether structure, besides the 
system of hexagons having radii increasing by unity, there 
are other similar hexagon systems based on prime radii hav- 
ing certain definite relations to the radius of the hexagon of 
unit length, and that the atomic weights of all the known 
chemical elements, respectively, are multiples of these prime 
radii, indicating that the structure of all the chemical ele- 
ments are substantially the same as that of the hydrogen 
atom, the difference being due to the length of the prime 
radii of the hexagons which form the basis of their organiza- 
tion. 

These are some of the important propositions which we 
have endeavored to cover. A book could be written on 
almost every subject treated by chapter. We could deal 
only with the principles underlying the fundamental propo- 
sitions sought to be established. 
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193. It has been considered incredible that the ether conid 
exist as a medium possessing elastic rigidity and yet oppose 
no obstruction to the passage through it of the earth and 
planets as they whirl in their orbits around the central sun. 

The explanation is now quite simple and comprehensible. 
The elastic rigidity of the ether structure is the effect of the 
flow of energy coming from the stars in infinity and passing 
through the stress linea of that structure. As the earth 
passes through space, the structure of the ether, with the 
cuergy represented by it, enters into the structure of the 
matter of which the earth is composed, and passes out again. 
It is no more difficult to understand than to comprehend 
how it is that an "eddy" or "whirl" can continue its course 
on the surface of a running stream. We understand in 
the latter case that the density of the water does not 
operate against the passage of the "whirl," because the sub- 
stance of the water enters into and becomes the structure of 
the ' ' whirl " or " eddy. ' ' 

194. It will be observed that in this hook we have dealt 
only with phenomena arising out of the behavior of inani- 
mate substance or matter. We have not considered any of 
the phenomena of life or mentality. We have not discussed 
the possibility of the existence of a fundamental principle, 
other than substance and motion, which may enter into the 
phenomena of life, the exercise of judgment and direction, 
and manifest itself through reaction on matter and substance. 
The subject must therefore be left as an open one, the elui 
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CONCLUSION 

ion of which ia not within the scope of our present mtdtx 

Scientists have long sought for an explanation i 
t that for millions of years our aun has been radiatii 
ener^ into space and yet maintains its heat. 

One explanation which has been offered is that its hei 
is maintained by the impact of meteors drawn into the centn 
orb by gravitation. 

Another is that a continuous but extremely small contrac 
tion of the radius of the sun is going on all the time, . 
this develops the heat radiated. 

A theory lately advaUL-ed is that the sun has a great d.9 
of radium in its composition, aod that the heat is mainta 
radiations from it. 
Upon the hypothesis which we have endeavored to establiai 

explanation is very simple. 

The sun is continuously fed with energy from the radia-"" 

tions proceeding to it from all the stars in infinity. These 

radiations reach it as invisible force rays, and, passing into 

the material particles of which it is composed, they maintain 

those material particles in their automatic revolutions, and 

are sent off again after conversion into waves of much 

greater wave-lengths, that is, into visible light waves, he&t 

waves, electric waves and magnetic waves. The process is 

exactly similar to what takes place when invisible electric 

raves are brought over a wire into an incandescent electric 

;ht bulb. The carbon filament serves as the mechanism by 

rhich the invisible electric energy which reaches it over the 

from the distant dynamo, is converted into visible light 

raves. 

The mystery is that there should ever be any decrease 

ugh the ages in the heat of the sun at all. The conditio! 

our moon, and the geologic evidence furnished by i 

fumishes strong evidt'nce that there has been a sloi 

in the buu'b heat through a great period of time. 
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"We must consider that at all times, through a] 
space, particles of matter must be in process 
from standard ether particles set in revolution hy disturbing 
radiations, passing through from luminous matter aln-july 
in existence. Gravitation will at once draw these new bom 
atoms into clusters; the lai^cr clusters will gatJier up the 
smaller, and thus mtteoric matter will bo formed. The nun 
must be continually gathering up this diffused matter from 
space by gravitation. This action of gravitation must llien'- 
fore be an influence continuously operating to change tlie 
balance between the amount of energy guii^ into Uio mm 
as invisible force rays, and the amount of energy radiattnl 
otf as beat and visible light rays. The result appearisf 
from the evidential facts is a gradual loss of capaeil 
convert the invisible rays which reach it into heal 
light waves. In other words, cooling and coudensatii 
gravity gradually converts a luminous sun into what 
be termed a "dead" or dark sun. 

196. We know that our sun is bowling through api 
a high velocity in a path which it is believed leads towi 
the constellation Lyra, but to what fate it is going we do 
not know. All the stars are in motion, although they are 
80 far away from us that their positions in their respective 
constellations have changed but little in three thousand 
years. 

Arrhenius, in his "Worlds in the Making," has pointM 
out that, however long the time, the final catastrophe must 
come to every sun, when it will collide with some other sun, 
and by that collision the energy represented by the recti- 
linear velocity of the masses bowling through space will be 
converted into vibratory motion of the atoms of which they 
are composed, and those atoms will be scattered through 
millions of miles of space na a great nebula. 

Experiments with radium have demonstrated that i 
tinder conditions capable of being brought about : 
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laboratory, certain elements of matter can be decomposed 
into other elements. 

If matter is being created in nature all the time under 
certain conditions, it follows that the reversal of those 
conditions, and change in the operation of the forces which 
tend to maintain automatic continuance of atom revolution, 
would result in the destruction of the atom as a material 
particle, and reconvert it into the standard ether particles 
of space. - 

We must therefore conceive that in the universe matter 
is being created by radiations from other matter all the time ; 
that there is going on all the time the gathering up of this 
new bom matter by gravitation into clusters and suns ; that 
in time these suns go to a kinetic death, and finally the 
matter of which they are composed is converted again into 
ether substance. Thus we have an endless cycle of births, 
lives, deaths and resurrections in the material universe. 
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197. Similar Particles Acting Repulsively Toward Each 
QthcT, When Confined to a Limited Surface. Will Take 
Up the Equilateral Triangle Formation. — If we have | 
uuiiil>er of similur particles of like maguitude which excrL-ia 
repulsion toward each other, the force of which decrea: 
with the distance between the particles, and we plare them 
at the same time promiscuouBly on a plane surface of limited 
dimensions, aa on a table having a rim which would prevent _ 
the outlying particles from being puahed over the edg< 
then it is evident that the particles would push away I'roia 
each other to positions where the pressure between the i 
spective particles would be at a minimum. That is to say, 
the particles would move as far apart as possible, and be- | 
eause they are supposed to possess the same repulsive power, 
they would tend to space themselves equi-distantly apart. 
This last eonditiou requires that they arrange themselves 
either in squares or in equilateral triangles. 

We may suppose, first, that the arrangement is in small 
squares, and that the particles arc located at ihe corners of 
the squares. The aggregate of the areas of all the squares . 
makes up the area of the whole table surfaee. 

Let ABDO (Fig. 56) be one of these small squares, i 
which AB = AC = a. With A and B as centres and radios ' 
a, describe circles cutting each other in E, and making the 
equilateral triangle AGB, anti complete the parallelogram 

EFB. Draw the perpendicular EG. Then 
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Area AEPB = AB X EG = ^ V "3 = .866 a? 

But AreaACDB = fl* 

Therefore if we compare the positions of the four particli^s 
■when placed at A, B, F, B, with 
7' their positiou if placed at A, C, 
D, B, we see that none of them 
are nearer to each other than 
the original distance a, and col- 
lectively they occupy a less area 
since .866a-<tt^ 

Let US DOW extend AE to a 
point K, such that when we com- 
plete the equilateral triangle AEH, the area of the parallelo- 
gram AKIH shall be the same as that of the square 




Figure 56 



ACDB = o-. 


Let AK = AH = b, 


thiiii 


--I 




KL. = b.-^- 



Area 

from which we get b^l.07a^a+ .07a 
That is to say, the four particles can move further apart to 
the extent of .07a to the positions A, K, I, H, and yet col- 
lectively they occupy precisely the same area as they did 
when they were arranged in form of the square. Therefore 
for the whole table surface, the equilateral trian^e arrange- 



; would be taken up naturally by the particles, 
7 would be thus spaced e qui -distantly apart, and ii 
positions of minimum pressure. 

In the ease of the standard ether particles, since they € 
tend throughout all space, if we consider any small area o 
a plane in which such particles lie, we may consider t 
the pressure of the similar particles outside of the limited 
area under consideration will act aa the table rim. I 
were dealing with a real table rira in the illustration a 
made, we would have to take into account certain other coqj 
siderations which are eliminated from the problem as : 
is presented in a limited area of a plane in the ether, where 
the same kind of particle distribution is extended to infinity. 
■ 198. Velocity of Gravitational Waves in Deep Water, j 
■r4/(er Wa(50H.)— Let ABCD (Fig. 57) be a water wave.! 
Bn which B is the crest and D the trough. The radios V 
'0B = A is the amplitude, t is the period of one revolu- 
tion of the particle in its circular orbit. The angular 

velocity of revolution in the circle will be equal to — , The 
tangential velocity for the particle due to that revolatioil| 

will be , Let Z be the velocity with which the wave il|l 

ising to the right. 



BjprogressL 




We may imagine that, independently of the wave mo- 
tion taking place in it, the body of the water itself is flow- 
[ to the left with a velocity Z just equal to the veloci^r j 
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with which the wave is progreasing to the right. In tbiB 
way we can examine the relation of the forces carrying on 
the wave motion as if the progresaion of the wave were 
stopped while the forces which make the wave continned in 
action right before us. 

Under that supposition, since in water waves the revolu- 
tion is clockwise, the actual velocity Z, of the particle 
when at D would be 



'OO^^^^I 



The actual velocity Zj of the particle when at B w( 

The kinetic energy of a particle of unit mass is, from 
principles of mechanics, always one-half of the square of 
the velocity it possesses at the instant considered. 

The kinetic energy K, of a particle of unit mass at D 
would therefore be 

^■^2^» -3(2 — ~j --2+-?-+-r- 

The kinetic energy K, of the same particle when at B 1 
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Hence the loss of kinetic energy which the particle a 
iu changing its position from D to B is: 



But when the particle has been changed in Hs positfon 
from D to B, it has been lifted against gravity through 
Br height PB = S ^ 2A. It has therefore stored up potu 



energy eqna) to the kinetic energy it wonld acquire in i 
fall without opposition through the distance BP. 

Prom the law of falling bodies, one-half of the square of 
the velocity (which is the kinetic energy for a unit of 
niass) acquired by the fall of the particle through space 
^ is equal to gS. Hence the potential energy stored up in 
i particle when it reaches B is measured by gS = 
jid since energy is indestructible, the gain of potential 
pergy by the particle in passing from D to B must be eqm 
> its loss of kinetic energy, and therefore 
_4''AZ 
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[ Htm if A is the wave length, it is the distance the wan 
nvels in time t. So that A ^ Zr or r = .j- 

1 Substituting this value of r above, we have 



w 



z=^ 



(2) 
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199. In the case of liquids, there is another factor which 
affects the velocity of progression when the wave length 
very small, as in the ease of ripples on the siu'faee of 
water. This is due to what is called surface tension of the 
!aee film of the liquid. This acts as if there were a 
elastic skin stretched over the liquid surface, having 
le effect of creating an additional force of restitution. It 
is only when the wave length is very Nmall. making the 
curvature of the wave large, that surface tension has any 
»preciable effect. For our present purposes it is not neces^. 
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sary for as to consider surface tenBion, because it do( 
exist in a frictionless medium auch aa ether. 

Nor is it Decessary for us to consider the particulai 
of waves in sliallow water. 

Referring to equation (2) above, it will be : 
the velocity of progression of the wave increases with ttie 
wave length. 

200. Velocity of Light Waves. — ^We have heretofore 
pointed out (sec. 63) that the revolution of particles in a 
polarized ray are in circles in the plane coinciding with 
the line of progression, and that the motion is identical with 
that of water particles in water waves on the surface oE 
deep water. Prom which it would be naturally inferred that 
the formula of the last section 



(2) 



Z'= 



limiiMto I 



I 



would be applicable at least to polarized rays. 

Since the velocity of progression of any wave moi 

due to the component of forces operating in the direelj 

progression, we may, for ordinary light waves, climiiMto 
from consideration all transverse forces which give the par- 
ticle a revolution around the axis of progression, and con- 
sider only the components of the operating forces which may 
be resolved into a particular plane lying in the plane of 
progression. So considered, we would be dealing only with 
forces which operate to carry on the progression as in a 
polarized ray. In other words the motions carrying on 
progression for any kind of light rays would be those flius- 
tratpd by Figure 57. Moreover ordinary light raj-s are 
composed of rays in which the revolution of the particle i> 
around the line of progression as well of polarized rays in 
which the revolution is in a plane passing lengthwise in that 
line (see, 70). There is no evidence that these two different 
kinds of waves to each of which the above formula i 
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give different velocities of progression for different wava I 
lengths, become separated in passing from distant stars 
through space to reach ns. 

Airy first, and Newcomb afterwards, has pointed out that 
if there were a difference of one hour in the times of the 
blue and red rays reaching us from Argol, this star would 
sliow a well marked cotorization in its phases of increase 
and decrease of luminosity, hut no such coloration appears. 
(See Wave-theory, 24 vol., Ene. Brit., 9th ed. 458.) 

The evidence therefore at first blush would seem to dis- 
prove the conclusion that the formula (2) is applicable to 
light waves traveling through the ether of space. Mathe- 
matically considered, however, the formula nmst apply, and, 
as Airy has pointed out, there must be in operation some 
additional factor affecting the velocity of progression which 
has not been taken into consideration in arriving at formula 
(2). He suggested that since the enei^y in the wave de- J 
creases with the distance traveled, we might suppose that thel 
coefficient of elasticity of the ether medium which we may^ 

resent by E, varies inversely as A, that E ^ -p where 

lepresents some constant qoantity dependent npon the 
itore of the ether medium. That would give, in place J 
(2) 



¥ 



constant for all wave lengths. 

This of course was merely a suggestion which has not been 
followed up by any demonstration. The writer in the body 
of the present work (sec. 145) has demonstrated that formula 
(2) is applicable to the velocity with which light waves of 
all wave-lengths are launched, and that the fact that the 
velocity of progression is reduced to one uniform rate for 

; wave-lengths is due (sec. 147) to tfac structure of the 
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ether itself, and to the existence of a flow of energy | 
uniform rate which is taking place in that structure. 

201. General Equation of Wave Motion. — Let us suppose 
that the revolution of the particle which gives rise to the 
simple harmonic motion is, as illustrated in Figure 31, 
taking place in a direction contrary to that of the hands, of a 
clock, and at that instant the centre of revolution is ti( 

(Pig. 58; 




The state of the motion represented by the displacement 
7, for any particle P, at the instant of time t, would faevi 
given (sees. 47 and 48) by the equation 

y=^A eos (wt-^'E) in which w>^ — 

That is to say, we would have 
(1) y = Acos(?^+K) 

in which y is the displacement measured on some diamllS 
AB as illustrated in Figure 58, 

Let us suppose that the centre of the circle of revolution 
has advanced with uniform velocity of progression V in some 
direction OX, which may or may not lie in the plane in which 
the particle is revolving. Let 00 = x. 

The time represented in the progression of the centre . 

to C is — 

If t represent the time the revolution has been in pro^ 



It-t 



= ti, in which equation V represents the tim 



[hen the phase of the particle moving in the circle whose 
mtre is C, agrees with the phase it would have had if uo 
me had been added in the wave progression. Substituting 
Ibb value of t, inequation (1), we therefore have 



, = Aco«|^(t-^)+E} 



Also Binee one wave length A is completed in the period 
', and the velocity of progression is V, we must have 



Substituting this value of V in the above equation, we g 

(2) y = Acos j^(Vt-x)+EJ 

"for the general expression of a train of waves. 

The equation is precisely that given by Lord Rayleigh I 
representing a train of light waves. (Wave Theory i 
Light, 9th ed., Enc. Brit.) 

Now the manner in which we arrived at the above equatioi 
leates several important questions open, the most importat 
of which is the value to be attributed to the angle of inclina- 
tion which the plane in which the particle is revolving makes 
with OX, the line in which the wave is progressing. 

)2. Position of the Plane of Rotation. — Referring now^ 
D Figure 11 from which we derived the equation 

y = A cos {t «J+ E) 

nd to the manner in which in section 201 we derivi 
e above, the equation 



r 



(2) 



-x)+E 



there was no particular reason ansin? from any condition 
imposed, why the plane, in which the revolution of the parti- 
cle represented by equation (2) is taking place, should be 
inclined to the axis OX, at one angle rather than at another. 
The principle of symmetry as applied to a wave moving 
through a homogeneous medium would, however, require that 
the plane in which the revolution of the particle takes place 
mnst pass cither throi^h the direction of wavc-pn^resdon, 
or be at right angles to that direction. In water waves aud 
in polarized light waves, we know the line of wave progres- 
sion lies in the plane in whicii the revolution taktrs place, and 
in water waves this plane is perpendicular to the free sur- 
face of the water. "We know also that gravitation acta on 
the water particles in vertical lines, the displacements taking 
place up and down. 

As shown by Fresnel and Arago, the phenomena of el- 
liptically and circularly polarized light (Ganot's Physics, 
see. 605), is taken to have demonstrated that in those kinds 
of light waves at least, the rotation takes place in a plane 
at right angles to the direction of the ray, and the path at 
the particle is an ellipse or circle as the case may be. ^^H 

Circular or elliptical polarization may be either ^^H 
Ibsnded or left-handed. ^^H 

In accordance with section 60, we may regard sne^A^ 
liptically polarized light as the composition of two similar 
rays of unequal amplitude, in which the revolution is taking 
place in opposite directions. Jg| 

It is not within the scope of our present undcrtokin^^H 
enter npon the mathematical treatment of light wave moaBB 
and composition of light waves from the standpoint of equa- 
tions. The subject has been exhaustively treated by great 
mathematicians in works which may be easily oonsoltai^-r. 
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We have accepted the results established, and in the main 
have confined our attention to an interpretation of those 
results from the mechanical side. 
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THE ELECTRICAL NATURE OF 
MATTER AND RADIOACTIVITY 

H Bv PROF. HARRY C. JONES ^^| 

This Ijiile book aims to discuss the more important discoveries in ' 

connection with radium and radioactivity in semi-popular or non- 
mathematical language. 



The book opens with an account of the brilhant experimental work 
of Sir J. J. Thomson which has shown that all so-called matter is 
really macie up of isolated charges of electricity. In a word, that 



there are not two eniiiies in nature — matter and energy- 
supposed, but only one — energy. 

The»e isolated negative charges of electricity, Thomson calls "Elec- 
trons." The Electron Theory, as it is termed, is absolutely essential 
in explaining the phenomena of radioactivity, and this is why it is dis- 
cussed first in (his book. 

Stress is laid in this work on the unique properties of radium, 
that is, those properties which are entirely new, and which were hith- 
erto not known to be possessed by any. 

Finally, the facts of radioactivity are explained in terms of the 
electron theory, the key to the explanation being that the chemical 
atom is UNSTABLE. This is, of course, revolutionary, the older 
chemical idea being that the chemical atom is an unchai^ng, simple 
ultimate unit. 

THIRD EDITION— REVISED 
The third edition brings the book up-to-date as far as matters of 
fundamental impor" 
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CONTENTS 

The Electrical Condnctivity of Gases. The Determination of the MaM 
of the Negative Ion in Gases. Nature of the Corpuscle. The Elec- 
trical Theory of Matter. The Nature of the Atom in Terms of the 
Electron Theory. The X-Rays. The Discovery of Radium. Other 
Radioactive Substances in Pitchblende. The Alpha Ravs. The BeU 
and Gamma Rays. Other properties of the Radiation. Production of 
Heat by Radium Salts. Emanation from Radioactive Substances. 
Helium Produced from the Emanation. Induced Radioactivity. Pro- 
duction of Radioactive Matter. Theoretical Considerations. Wide 
Distribution of Radioactive Matter and the Origin of Radium. ^ 



377 P^es- 5H ^^yi inches. 



I 



THE EVOLUTION 

OF 

THE SCIENCES 

By L. HOULLEVIGUE 



The Tendencies of Chemistry. TransmuUlton and the Experiments of 
Ramsay. Does Matter Exist? Tlie Interior of the Earth. The Son. 
Eclipses. The Milky Way. The Organiiation of Matter. The Fron- 
tiers of the Sciences. 

This book will interest the general reader who wishes to be infonncd 
of modem scientific progress and the scientist who wishes to work 
along a broader gauge than the confines of his own limited specialiu< 
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In tlie preface the author says; "Physics has been the mainspring 
of the other sciences, has imposed upon them its bws, its meihoils 
and its expcrimenlal procedure. Nowadays every well -constructed ex- 
periment is necessarily a physical experiment. It is in this way that 
the miity of science is made and that is the chain which links the sci- 
ences together. It is useful to recognize the fact, not only in ordci 
to comprehend the evolution which is so characteristic of out epochi 
but also to solve a difficulty which results from this evolution." And 
the book attempts to show this solution in a very interesting way. 
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A NEW ERA IN 

CHEMISTRY 



SOME OF THE MORE IMPORTANT DEVELOPMENTS I 

GENERAL CHEMISTRY DURING THE LAST 

QUARTER OF A CENTURY. 

By harry C. JONES 

Professor of Physical Chemistty, Johns Hopkins University, I 
Author of "Electrical Nature of Matter and Radioactivit]'," etc I 

An exposition of the fundamental difference between t 
chetnistry of to-day and that of twenty-five years ago, show^ 
ing in what this difference consists, how these new develop- 
ments were brought about and by whom. The author writes 
with authority, having known well the men who were instn*- j 
mental in bringing about this " New Era." 



CONTENTS 

Condition of Chemistry in 1887, Development of the Law of Ma»~ 
Action. The Energy Changes that take place in Chemical Reacliona. 
Van't Hoff, Le Bel, and Gtiye and the Origin of Stereochemistry. 
The Phase Rule of WiUard Gibbs. Chemical Dynamics of Van't Hoff 
and Chemical Equilibrium of Le Chatelier. The Role of Osmotic 
Pressure in the Analogy between Solutions and Gases. Arrhenius and 
the Theory of Electrolytic Dissociation. The Solvate Theory of Solu- 
tion and the Importance of Solutions for Science in GeneraL The 
Work of Wilhclm Ostwald in Inaugurating the New Era in Chem- 
istry. Investigations by Students and Co-workeis i>i Wilhelm Ostwald^^^ 
The" Electron and Radiochemistry, Explanation of Radioactive I" 
Appendix, 
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D. Van Nostrand Company 

are prepared to supply, either from 

their complete stock or at 

short notice, 

Any Technical or 

Scientific Book 

In addition to publishing a very large 
and varied number of Scientific and 
Engineering Books, D, Van Nostrand 
Company have on hand the largest 
assortment in the United States of such 
books issued by American and foreign 
publishers- 
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